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or THEIR PRONE POSTURE, 


| L N i a viewof this part af the animal world, 
1 fo far as the ſtructure of their bodies i is con- 
formable to that of man, I ſhall paſs them by, 
and only take notice of ſome peculiarities in 
them, which are plain indications of de- 
ſign, and the divine ſuperintendence and ma- 
nagement. And, 1. The moſt vifible apparent 
variation is the prone poſture of their body: 
concerning which I fhall take notice only of two 
things, the parts miniſtring thereto, and the uſe 
and benefit thereof. * 24 
Vol. I 3 8 8 
an, 


THE POSTURE OF QUADRUPEDS. 


1 As for the parts, it is obſervable, that j in 
all theſe creatures, the legs are made exactly 
conformable to this poſture, as thoſe in man are 
to his erect paſtpre : and what is farther obſerv- 
able alſo, is, that the legs and feet are always = 
admirably ſuited to the motion and exerciſes of 
each animal : in ſame they are made for ſtrength I 
only, to ſupport a vaſt, unwieldy body *; in 
others they are made for agility and ſwiftneſsb, 
in ſome they are made for only walking and 
; running 


„The elephant being a creature of prodigious weight, the 
| largeſt of all animals, Pliny faith, hath its legs Cot. ds made 
of an immenſe 3 like Pillars, rather than ** E = 


» Heer, hares, and other creatures, remarkable for ſwiftneſs, 
have the legs accordingly — bue withal young. and E way 
adapted to their ſwiftneſs. | g 


0 Thus the feet as the otter are made, the toes being 1 con- 
joined with membranes, as the feet cf geeſe and ducks are. And 
in ſ»imming it is obſervable, that when the foot goes forward in 
the water, the toes are cloſe ; but when backward, they are ſpread 
out, whereby they more forcibly ſtrike the water, and drive them 
ſelves forward. The ſame may be ** alſo in ducks and 


= geeſe, &c. 


Of che caſtor or beaver, the French academiſts ſay, The ſtruc- 
ture of the feet was very extraordinary, and ſufficiently demon- 
© ſtrated, that nature hath deſigned this animal to live in the water, 
© as well as upon land. For although it had four feet, like tęrreſ- 
3 trial animals, yet the hindmoſt ſeemed more proper to ſwim than 
c walk with, the five toes of which they are compoſed, being joined 
together like thoſe of a gooſe by a membrane, which ſerves 


© this animal to ſwim with. But the fore ones were made other- 
== Ts wiſe 5 


THE POSTURE OF QUADRUPEDS 3 


running, in others for that, and ſwimming too e; 
in others for walking and digging *; and in others 
for walking and flying ©: in ſome they are made 
more laſk and weak, for the plainer lands; in 
others rigid, Riff, and leſs flexible f, for traverſ- 

ing the ice, and dangerous precipices of the 
high mountains 5; in ſome they are ſhod with | 


4 wiſe; for there was no membrane, which held . toes joined | 


c together; and this was requiſite for the conveniency of this ani- 


mal, which uſcth them as hands like a ſquirrel, when he cats.” F 
Memoirs for a Natural Hiſtory of Animals, p. 84. 


The moles feet are a remarkable inſtance. 


The wy. of the bat area prodigious deviation from nature's 


i ordinary way. So it is in the virginian ſquirrel, whoſe Kin i is ex 


: rended between the fore-legs and its ä 


| ot 8 of the elk, the French academiſis fay. Al- 


though ſome authors report, that there are elk in Muſcovia, 


© whoſe legs are jointleſs; there is great probability, that this opin- 


ion is founded on what is reported of thoſe elks of Muſcovia, as 


— 


well as of Cæſar's Alce, and Pliny's Machlis, that they have legs 
ſo ſtiff and inflexible, that they do run on ice without ſlipping; 
* which is a way that is reported that they have to fave themſclves 
from the wolves,” &c. p. 108. 5 od 


* 


The common tame goat (whoſe wane is generally on 


mountains and rocks, and who delighteth to walk on the tops of 


pales, houſes, &c. and to take great and ſeemingly dangerous leaps) 
T have obſerved, hath the joints of the legs very ſtiff and ſtrong, the 
hoof hollow underneath, and its edges ſharp. The like, I doubt 
not, is to be found in the wild goat, conſidering what Dr. Scheu- 
chzer hath ſaid of its climbing the moſt dangerous craggs of the 
Alps, and the manner of their ung! it. Vide = Alpin 3. p· % 
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rough and hard hoofs, ſonde whole, ſome cleft; ; in 
others with only a callous ſkin. In which latter, it 
is obſervable that the feet are compoſed of toes, 
ſome ſhort for bare-going ; ſome long to ſupply 
the place of a hand ®; ſome armed with long 
and ſtrong talons to- and, hold, and tear the 
prey; ſome fenced only with ſhort nails, to con- 
firm the ſteps i in * and walking. 


THE POSTURE OF | WADRUPEDS. 


. II. As the N WY man 's ; body i is the fitteſt 
fe a rational animal, ſo is the prone poſture of 


themſelves, as alſo moſt ſerviceable to man. For 
they are hereby better made for their gathering 5 
their food, to purſue their prey, to leap, to 
climb, to ſwim, to guard themſelves againſt 
their enemies; and, in a word, to do whatever 
may be of principal uſe to themſelves; as alſo 
they are hereby rendered more uſeful and ſervice- 
able to man for carrying his burdens, for tilling 
his ground; yea, even for his ſports and diver- 
ſions. 


EY now I might here add A ſurvey of the ex- 
cellent contrivance of the parts miniſtring to 
this poſture of the four-footed animals, the ad- 


mirable 


* Thus in apes and monkeys, in the beaver before, and divers 
hers. 


run rr or QUADRUPEDS ô ß 


mirable ſtructure of the bones i, the joints and 
muſcles, their various ſizes and ſtrength; their 
commodious lodgment and ſituation, the nice 
æquipoiſe of the body, with a great deal more 
to the ſame purpoſe, But I ſhould be tedious 

to infiſt minutely upon ſuch particulars; and 

befides, I have given a touch upon theſe kind of 
n things, when 1 ſpake of mane” 5: 


Paſfing by thereſars many things of this kind, 
that might deſerve remark, I ſhall only confider 
ſome of the parts of quadrupeds, differing from 
what is found in man k, and which are manifeſt 
works of deſign. 


0 5 It is a kügular proviſion nature hath made for the frength of 

| the lion, if that be true, which Galen faith is reported of its bones 
being not hollow, as in other animals, bur ſolid: which report he f 
thus far confirms, that moſt of the bones are ſo; and that thoſe in the 

| legs; and ſome other parts, have only a ſmall and obſcure cavity in 
them. Vide Galen. ge uſu Part I. 11. e. 1 


„ « Theſe ſorts of. in the mechaniſm o animals, 
3 upon the ſcore of the poſition of their bodies, occur ſo often, 
© that it would be no mean ſervice to anatomy—if any one would 

give us a hiſtory of thoſe variations of the parts of animals, which 


9 « Gring from the different poſtures of their bodies.” Drake Anat. 
vol. 1. Book 1. - chap. = 
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CHAP. I. 


Or THE HEADs or QUADRUPEDS, 


rr. is tens that, i in man, the Bead is of 
one ſingular form; in the four- tooted race, as 


various as their ſpecies. mM ſome, ſquare and 


large, ſuitable to their flow motion, food, and 


abode; in others leſs, lender, and ſharp, agree- 
able to their ſwifter motion, or to make their 
way to their food}, or habitation under ground n. 
But paffing by a great many obſervations that 
might be made of this kind, I ſhall ſtop a little 


7 Thus fine, for inſtance, who dig in the earth for roots, 


and other food, have their neck, and all parts of their head very 
well adapted to that ſervice. Their neck ſhort, brawny and ſtrong ; 
their eyes ſet pretty high out of the way; their ſnour long; their 
noſe callous and ſtrong; and their ſenſe of ſmelling very accurate, 
to hunt out and diſtinguiſh their food in mud, under ground, and 
other the like places where it lies concealed. | 


= What hath been ſaid of ſwine is no leſs, rather more remark- 


able inthe mole, whoſe neck, noſe, eyes, and ears, are all fitted, 


in the niceſt manner, to its ſubterraneous way of life. 


at 


= 
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at the brain, as 158 moſt conſiderable part of the 
ig body, being the great inſtrument of life and mo-- 
tion in quadrupeds, as it is in man of that, as 


alſo in all probability the chief ſeat of his im- 


mortal ſoul. And accordingly it is a remarkable 

difference, that in man the brain is large, afford- 
ing ſubſtance and room for ſo noble a gueſt ; 

| whereas in quadrupeds, it is but ſmall. And an- 
other thing, no leſs remarkable, is the ſituation 
oſ the cerebrum and cerebellum, or the greater 

and leſſer brain, which I ſhall give in the words 

of one of the moſt exact anatomiſts we have of 


that part a: Since, ſaith he, God hath given 


© to man a lofty countenance, to behold the 
© heavens, and hath alſo ſeated an immortal ſoul 
in the brain, capable of the contemplation of 
© heavenly things ; therefore, as his face is 
© erect, ſo the brain is ſet in an higher place, 
0 namely, above the cerebellum, and all the ſen- 
ſories. But in brutes, whoſe face is prone to- 
© wards the earth, and whoſe brain is incapable 
© of ſpeculation, the cerebellum, (whoſe buſi- 
© neſs it is to miniſter to the actions and functions 


. © of the præcordia, the principal office in thoſe 


© creatures) in them is fituated in the higher 
© place, and the cerebrum lower. Alſo ſome of 
the organs of ſenſe, as the ears and yo; are 


A 4 _ * placed, 


N Willis Cereb, Anat. ho! 6. Cumque huic Deus os n 


dederit.“ Kc. ö 
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c placed, if not above the cerebrum, yet at aft 


1 
* 
; 


— rages. en r * % * * N 
8 — A — x 


| 


1 


\ 


© equal thereunto. 


Another convenience in this poſition of the 
cerebrum and cerebellum, the laſt ingenious 


anatomiſt tells us is this ». In the head of man, 
* he, © the baſe of the brain and cerebell, 


c yea, of the whole mull, is ſet parallel to the 
C horizon; by which means there i is the leſs dan- 

< gerof the two brains joggling, or ſlipping out. 
« of their place. But in quadrupeds, whoſe 


© head hangs down, the baſe of the ſkull makes 
aa right angle with the horizon, by which 
means the brain is undermoſt, and the cerebell 
4 < uppermoſt; ſo that one would be apt to ima— 


= the cerebell ſhould not be ſteady, but 
oggle out of its place. To remedy which in- 


a he tells us, And left the frequent 
\ © concuſſjons of the cerebell ſhould cauſe a faint- 
ing, or diſorderly motion of the ſpirits, about 
| © the præcordia, therefore, by the artifice of na- 
„ tore, ſufficient proviſion is made i in all, by the 
dura meninx cloſely encompaſſing the cerebel- 


* lum; beſides which, it is, in ſome, guarded 
with a ſtrong bony fence; and in others, as the * 


0 hare, the coney, and ſuch leſſer quadrupeds, a 


part of the cerebell is on each fide fenced with 
18 — 


* Id. paulo poſt. In capite humano cerebri et cerebelli, 
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© the os petroſum: fo that by this doubbe ſtay; + 
its whole moles is _ rat . ths 
© rally 4 ky * | nie 2631 


Beſdestheſe a tende notice 
of divers o other things no leſs remarkable, as the 
nictating e ee of the eye?, the different 

5 paſſages ot the carotid arteries * ' through the 

. | eee Full 


4 
* 


» Sce book iv. chap, 2. 8 


Arteria carotis aliquanto poſterius in homine quam in alis 
* quovis animali, calvariam ingreditur, ſeil. juxta illud foramen, 
per quod ſinus lateralis in venam jugularem deſiturus crano elabi- 
tur: nam in cæteris hazc arteria ſub extr emitate ſeu proceſſu 
acuto offis. petroſi, inter cranium emergit; verum in capite hu · 
© mano, cadem,, ambage longiori circumducta (ut languinis torrens, 

priuſquam ad cerebri oram apellit, frafto impetu, lenius et-placi- 
dius fluat) prope ſpecum ab ingreſſu ſinus lateralis faQtum, cal- 
variæ baſin attingit et in majorem cautelam; tu wica- inſuper 
* aſcititizcraſſiore inveſtitur. And ſo he goes on to ſhotw the o 
veniency of this guard the artery hath, and its paſſage to the brain, 

and then ſauh, © Si hujuſmodi conformiationis ratio inquiri tur, facile 
© occurrit, in capite humano, ubi generoſi affectus et mag: u animo- 
drum impetus ac ardores excitantur, ſanguinis in cerebri oras ap- 
© pulſum debere eſſe liberum et expeditum, &c. Atque has quidem 
* reſpectu differt homo a pleriſque brutis, quibus, arteria 3 mille 
| © ſurculos diviſa, ne ſanguinem pleniore alveo, aut citatiore, quam 
par eft, eurſu, ad cerebrum evehat, plexus retiformes can. Lituit, 
quibus nempe efficitur, ut ſanguis tardo admodum, len iq de ct 
_ © Xquabili fere ſtilicidĩio, in cerebrum illabatur., And then he goes 
on to give a farther account of this artery, and the rete r nira bile in 
divers creatures. Willis, ibid. c. 8. 
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10 THE HEADS OF QUADRUPEDS. 


' ſkull, their branching into the rete mirabile *, the 
different magnitude of the nates, and ſome other 


parts of the brain in beaſts, quite different from 
what it is in man: but the touches already given, 


may be inſtances ſufficient to prevent my being 


tedious in enlarging u pon theſe admirable works 
of God. 


- * Galen thinks the rete mirabile i is fer clic and claborating # 


the animal ſpirits, as the epididymes, (the convolutions, fανανινn ?: 
ꝛ reg] are for elaborating the ſeed, De uſu Part. I. ix. c. 4. This 
rete is much more conſpicuous in beaſts than man: and, as Dr: 
Willis well judges, ſerves, 1. To bridle the too rapid incurſions of 
the blood into the brain of thoſe creatures, whoſe heads hang down 
much. 2. To ſeparate ſome of the ſuperfluous ſerous parts of the 
blood, and ſend them to the falival glands, before the blood enters 
the brain of thoſe animals, whoſe blood is naturally of a watery 
conſtitution. 3. To obviate any obſtructions that may happen in 
the arteries, by giving a free 3 through other veſſels, when 
N fome : are RKopped. ; 


Is ty as the PRO arteries are branched into the 


rete mirabile, for the bridling the too rapid current of blood into 

the brain; ſo the vertebral arteries are, near their entrance into the 

full, bent into an acuter angle than 1 in man, * 18 a | wiſe pro 
viſion for the ſame n. 
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CHAP. i. 


ox THE NECKS OF QUADRUPEDS. 


ROM the head paſs we to the neck, no prin- 

| & cipalpartof the body, but yet a good in- 
fiance of the Creator' s wiſdom and deſign, inaſ- 

much as in man it is ſhort, agreeable to the 


erection of his body; but in the four-footed tribe 


it is long, anſwerable to the length of the legs, 
*and i in lome of theſe long, and leſs ſtrong, ſer- 
ving | 


„Ir is very remarkable, that in all the ſpecies of quadrupeds, 


this equality holds, except only the elephant; and that there ſhould 


be a ſufficient ſpecial proviſion made for that creature, by its pro- 
boſcis or trunk. A member fo admirably contrived, fo curiouſly 
wrought, and with fo great agility and readineſs applied by that un- 
weildly creature to all its ſeveral occaſions, that I take it to be a 
manifeſt inſtance of the Creator's workmanſhip. See its anatomy 
in Dr. A. Moulen's Anat. of the Elephant, p. 33. As alſo in 
Mr. Blair's account in Phil. Trani. No. 326. . 


© Aliorum ea eſt humilitas, ut cibum terreſtrem roſtris facile con- 


— 2 Quæ autem altiora ſunt, ut anſeres, ut cygni, ut grues, 
© ue 
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" THE: NECKS or QU ADRUPEDS. 


ving to carry the mouth tothe ground ; in MO 


ſhorter, brawny, and ſtrong, ſerving to dig, and 


heave up great burdens *, 


Bor that which deſerves eſpecial remark is, 
that peculiar proviſion made in the necks of all, 
or moſt granivorous quadrupeds, for the perpe- 
_ tual holding down their heads in gathering their 
food, by that ſtrong, tendinous, and inſenſible 
aponeurofis « or ligamen *, braced from the head | 


to the middle of the back. By which means the 


head, although heavy, may be long held down 
without any labour, pain, or uneaſineſs to the 


muſcles of the neck, that would otherwiſe be 


wearied by being ſo long put upon the ſtretch. 


© ut cameli, adjuvantur proceritate colloram. Manus etiam data IF | 
8 elephantis, qui propter magnitudinem corporis difficiles aditus ha- 
D bebant ad paſtum. Cic. de Nat. Deor. [. TH e. 47- 5 


0 Quod i iis beide quæ b [Of Hake glos! in Hons, collum 
brevius fit factum, quam ut per ipſum cibum ori admovere queant: 
iis vero quæ ungulas habent ſolidas, aut bifidas, longius, ut prona + 


atque inclinantia'paſci queant. Qui id etiam opus non ſit artiicis 


utilitatis memoris? Ad hæc quod grues ac ciconiæ, cum crura habe- 
rent longiora, ob eam cauſam roſtrum etiam magnum, et collum lon- 


_ © givs habuerint. Piſces autem neque collum penitus habuere, ut - 
pote qui neque crura habent. Quo pacto non id etiam eſt admi- 
© randum ?? Galen. de uſu Part. l. xi. c. 8. 


As in moles and ſwine, in chap. ii. note p- 


* Called the white-leather, pack-wax, tax- Wax, nd RP 


CHAP. 


% 


IRE STOMACHS OF QUADRUPEDS. 


CHAP, IV, 


OF THE STOMACHS OF QUADRUPEDS, | 


ROM the a let us defornd- to the Sto- 
+ mach, a part as of abſolute neceſſity to the 
3 being and well-being of animals, fo is in the 
ſeveral ſpecies of quadrupeds, fixed, contrived Y 
and made with the utmoſt variety and art v. 
What artiſt, what being, but the infinite conſer- 
| vator of the world, could ſo well adapt every food 
to all the ſeveral kinds of thoſe grand devourers 
e e 4 


Tux peculiar contrivance and make of the dromedary's or ca- 
mel's ſtomach, is very remarkable, which I will give from the Pa- 
riſian anatomiſts : © At the top of the ſecond (of the four ventricles) . 
there were ſeveral ſquare holes, which were the orifices of about 
* thirty cavities, made like ſacks placed between the two membranes, 
© which do compaſe the ſubſtance of this ventricle. The view of 
theſe ſacks made us to think that they might well be the reſerva- 
© tories, where Pliny faith, that camels do a long time keep the 
water, which they drink in great abundance——to ſupply the wants | 
thereof in the dry deſarts, &c. Vide Memoirs, &c. Anat. of Dro- 
medary, P- 39. See alſo Peyer. Merycol. I. 2. c. 3. | 
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of it; Who could ſo well ſuit their ſtomachs to 
the reception and digeſtion thereof; one kind of 
ſtomach to the carnivorous, another to the her- 
bacious animals: one fitted to digeſt by bare maſ- 
tication: and a whole ſet of ſtomachs in others, 

___ to digeſt with the help of rumination ! Which 
_ laſt act, together with the apparatus for that ſer- 
vice, is fo peculiar, and withal fo curious an 
artifice of nature, that it might juſtly deſerve a 
more particular inquiry; but having formerly 


mentioned it, and leſt! ſhould be too tedious, 1 
ſhall _ it __ 
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or THE HEARTS OF QUADRUPEDS, 


IN this part is a notable aten found be. 
I tween the heart of man and that of beaſts; 
concerning the latter of which I might take no- 
tice of the remarkable conformation of the hearts 
of amphibious quadrupeds, and their difference 
from thoſe of land-animals, ſome having but 
one ventricle *, ſame three *, and ſome but two, 
like land- animals, but then the foramen ovale 
_ therewith 


. ®Frogy are generally thought to have but one ventricle in their b 
| hearts, | 


* The tortoiſe hath three . as the Parifen academiſis : 
in their Memoirs affirm. © Beſides thoſe two ventricles [ before 
* ſpoken of] which were in the hinder part of the heart, which 
© faceth the ſpine, there was, ſay they, a third in the fore-part, in- 
c clining a little towards the right fide,” &c. Memoirs, &c. p. 259. 
But Mr. Buſſiere charges this as a miſtake in thoſe ingenious gentle- 
men, and aſſorts there is but one ventricle in the tortoiſe's heart. 
See his deſcription of the heart of the land-tortolle, 1 in Philoſ. Tant. 

No 328. 
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| therewith * 
as wonderful, as they are excellent proviſions for 
the manner of thoſe animals living. But I ſhall 


a wholly on, the ſy ſtole of the heart, and that its 
« liquor is not driven of its own nature ſo readily 
into the upper parts as into veſſels even with it, 
c or downwards into thoſe under it: if the ſitu- 


— Al 
All which may be e juſlly A 


» 


content myſelf with bare hints of theſe things, 


and ſpeak only of, two ez wares and that 


* briefly. 


One is, the ſituation of the heart, which i in 


beaſts is near the middle of the whole body; in 
man, neafer the head b. The reaſons of which 
' T ſhall give from one of the moſt curious anato- 
miſts of that part . Seeing, faith he, the tra- 


« jection and, Sifeibution of the. blood depends 


tion | 


q 


3 Tux ſea-calf i is ſaid ws the French 3 to ln this 


| proviſion, and their account of it is this: Its heart was round 
__ © and flat, Its ventricles appeared very large, and its auricles S 


© ſmall, Underneath the great aperture, through which 
the 8 of the vena cava conveyed the blood into the right ven- 


« tricle of the heart, there was another, which penetrated into the 
© arteria venoſa, and from thence into the left ventricle, and after- 


* wards 1 into the aorta, This hole, called the foramen ovale in the 
foetus, makes the anaſiomofis, by the means of which, the blood 


goes from the cava into the acta, without paſſing through the 3 
2M _- French Nt | 124. 


* 75. re Kardfay mit 75 les 0 Fe! 1 Kc. © Aiſle Hiſt. 


An. I. ii. c. 17. 


DR. l Corte, c. 1. | 
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head, it muſt needs either have been made 
ſtronger, to caſt; out its liquor with greater 
© force; or elſe the head would want its due 
proportion of, blood. But in animals that 
have a longer neck, and which is extended 
towards their food as it were, the heart is 
ſeated as far from the other parts; and they 
find no inconvenience from it, becauſe they 
feed with their head for the moſt part hanging 
8 down; and fo the blood, as it hath farther to go 
to their head than in others, ſo it goes a your 
0 and often a | ſteep wy” 


* 


ASE 


La) 


Tux other peculiar matter is, the faſtening, 1 
formerly mentioned, which the cone of the _ 
cardium hath in man to the diaphragm , 

whereas! in all quadrupeds i it is looſe. uy which 


"2 might have nada * wiſe — from the ſame 


© ſexti paris ut in homine, ſed etiam plurimum a neryo intercoſlali, 
© ubireCta cor tranſit, cor abcedere, imo in parenchyma ejus dimitti: 
et hoc ideo a natura quaſi ſubfidium brutis comparatum, ne capita 
* quz terram prona ſpeCtant, non fatis facile aut copioſe ſpiritus 
* animales impertirent.“ Blaſii Anat. Animal. par. i. c. 4 ex 
Lowero, de corde. r N = ; 


4 © Diaphragmatis circulo nerveo firmiter adhæret (pericar dium) 
U quod homini ſingulare; nam ab eo in canibus et fimiis diſtat, 
item in aliis animalibus omnibus. Bartholin. Anat. I. ii. c. 5. 


Vol. II. — =E | means c 


15 + 
c tion 'of the ben had been farther 3 the 


n which take in his own words: © In vitulis et equis, imo - 
Ty leriſque aliis animalibus majoribus, non ſolas propagines a dero 
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13 1 HEARTS OF QUADRUPEDS. 


means the motion of the midriff, in that neceffary 
ct of refpiration, is affiſted both in the upright 
| poſture of man, as alſo in the prone poſture of 
quadrupeds , which would be hindered, or ren- 
dered more difficult, if the cafe was otherwiſe : 
© Which mut needs be the effect of wiſdom and 
© defign, and that man was intended by nature to 
| © walk erect, not upon all- four, as quadrupeds 
do; to expreſs it in the words of a great judge 
0 fach matters . 
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© © Finalem cauſam quod attinet,—cum erectus ſit hominis i in- 
© cefſus atque figura, eoque facilius abdominis viſcera ſuo pondere 
# deſcendant, minore diaphragmatis nixu atque ſyſtole ad inſpira - 
rationem opus eſt: porro, cum in expiratione pariter neceflarium 
+ fit diaphragma relaxari, — cum capfula cordis omnino connecten - 
4 durn fuit, in homine, ne forte, quamdiu erectus incedit, ab hepatis, 
al iorumque viſcerum appenſorum pondere deorſum adeo deprime- 
. oe « retur, ut neque pulmo fatis concidere, neque expiratio debito 
1 I F 8 modo peragi potuerit. Quocirca in quadrupedibus, ubi abdomi- 
1 n nis viſcera in ipſum diaphragma incumbunt, ipſumque i in pectoris 
i | © cavitatem fuo pondere impellunt, iſta partium accretio expirationi 
1 M 1 « guidem inutilis, inſpirationi autem debitam diaphragmatis ten- 
1 | 1 = ſionem — incommoda fuiſſet. 5 mw ib. p. 8. 
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CHAP. VL 


or THE DIFFERENCE BETWEEN MAN AND - 
DRUPEDS IN THE NERVOUS KIND. 


"HERE is only one difference more between 
man and quadrupeds that I ſhall take notice 
of, _ that is the nervous kind; and becauſe it 
would be tedious to inſiſt upon many particu- 
lars 3, I ſhall, for a ſample, inſiſt chiefly upon 
one, and that is, of nature's prodigious care for 
a due communication and correſpondence between 
the head and heart of man, more than what is in 
the four-footed tribe. For this purpoſe, beſides 
the correſpondence thoſe parts have by means of 
the nerves of the par vagum, common both to 


(9 AMONG theſe, I might name the ſeat of the nerves — 
ing from the medulla ſpinalis, which Dr. Lower takes notice of. 
In beaſts, whoſe ſpine is above the reſt of the body, the nerves tend 


E- directly downwards; but in man, it being erect, the nerves ſpring 


out of the ſpine, not at right, but in oblique angles downwards, and 
paſs alſo in the body the ſame way. Ib. p. 16. 


—_ man 
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| 155 and beaſt, there i is a farther — rrivee ſpe⸗ 
cial communication and correſpondence occaſion- 
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ed by the branches h of the intercoſtal pair, ſent | 


from the cervical plexus to the heart, and pre- 
cordia. By which means the heart and brain of 
man have a mutual and very intimate correſpon- 
; dence and concern with each other, more than is 
in other creatures; or as one of the moſt curious 


anatomiſts and obſervers of theſe things faith * : 


© Brutes are as it were machines made with a ſim- 


© pler and leſs operoſe apparatus, and endowed 
therefore with only one and the ſame kind of 
motion, are determined to do the ſame thing : 

whereas in man, there is a great variety of 
motions and actions. For by the commerce 


of the aforeſaid cervical plexus , * he faith, the 
5 con- 


In pleriſque brutis tantum hae via (i. e. by the par —— et 


© vix omnino, per ullos paris intercoſtalis nervos, aditus ad cor aut 
* appendicem ejus pateſcit. Verum in homine, nervus intercoſtalis, 


præter officia ejus in imo ventre Huic cum cæteris animalibus com- 
* munia, etiam ante pectoris clauſtra internuntii ſpecialis loco eſt, 
qui cerebri et cordis ſenſa mutua ultra citraque refert. Willis 


 Nervor. Deſer. et Uſus, c. 26. 


Ip. * 2 . benc b ſpeciei differentiam perpendo, 
© ſuccurrit animo, bruta eſſe velut machinas,' &c. 


Tus r our great man was not miſtaken, there is great reaſon 
to imagine, from what he obſerved in diſſecting a fool. Beſides 
the brain being but ſmall, he faith, © Przcipua autem diſcriminis 


_...4 nota quam, inter illius et viri cordati partes adyertimus, hæcce 
_ © erat; 


21 


© conceptions of the brain preſently aſſect the 
« heart, and agitate its veſſels and whole appen- 
« dage, together with the diaphragm. From 
a whence the alteration in the motion of the 
blood, the pulſe, and reſpiration. So alſo, on 
© the contrary, when any thing affe&s or alters 
« the heart, thoſe impreſſions are not only re- 
XI torted to the brain by the ſame duct of the 
« nerves, but alſo the blood itſelf, its courſe 
being once changed, flies to the brain with a 
different and unuſual courſe, and there agitat- 
ing the animal ſpirits with divers impulſes, 
produceth various conceptions and thoughts in 

the mind.” And he tells us, © That hence it 
- was, that the ancient divines, and philoſophers 
too, made the heart the ſeat of wiſdom; and, 
certainly, fays he, the works of wiſdom and 
* virtue do very much depend upon this com- 

© merce which is between the heart and brain: 
and ſo he goeth on with more to the ſame pur- 
: poſe. | Upon the account of this intercoſtal com- 
merce with the heart being wanting in brutes, 
there is another fingularly careful and wiſe pro- 
vifſion the infinite Creator hath made in them, and 
that i is, that by reaſon both the par vagum, and 


« erat; nempe quod ptædictus nervi intercoſtalis plexus, quem 
cerebri et cordis internuncium et hominis proprium diximus, in 

_ © ſtulto hoc, valde exilis, et minori nervorum ſatellitio — 
| * fuerit? Ibid. 
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22 DIFFERENCE BETWEEN MAN 


the intercoſtal too, do not ſend their branches to 
the heart, and its appendage in brutes; therefore, 
| left their heart ſhould want a due proportion of 
nervous veſſels, the par vagum ſends more branch- 
es to their heart than to that of man. This, as it 
is a remarkable difference between rational and ir- 
rational creatures; fo it is as remarkable an ar- 
gument of the Creator's art and care; who, al- 
though he hath denied brute-animals reaſon, and 
the nerves minſtering thereto, yet hath another 
way ſupplied what is neceſſary to their life and 
ſtate. But let us hear the ſame great authors 
deſcant upon | the point l. Inaſmuch, faith he, 
as beaſts are void of diſcretion, and but little 
© ſubject to various and different paffions, there - 


© fore there was no need that the ſpirits, that 
1 


were to be conveyed from the brain to the 
præcordia, ſhould paſs two different ways; 
© namely, one for the ſervice of the vital func- 


© tions, and another for the reciprocal impreſſi- 
© ons of the affections; but it was ſufficient that 
all their ſpirits, whatever uſe they were defign- 
© ed for, ſhould be conveyed one and the ſame 


1 Tp. ib. chap. 29. * In quantum beſtiæ prudentia carent, et variis 


0 9 6 As. 


Hzrz | 


feſt acts of the Creator's deſign and wiſdom, in this 


% 


. AND. Q#ADBVPEDS, fcc. as 43. 


Herz now in the nervous kind we have mani- 


ſo manifeſt and diſtinct a proviſion for rational and ; 
irrational creatures; and that man was evidently 


intended to be the one, as the genus of quadru- 5 


peds was the other. 
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THE CONCLUSION. 


1 ND now it is time to pauſe a white; and re- 
1 flect upon the whole. And as from the con- 
| fiderations in the preceding book, we have eſpe- 
: cial reaſon to be thankful to our infinitely merciful 


: Maker, for his no leſs kind than wonderful con- 


trivances of our body; ſo we have reaſon, from 
this brief view I have taken of this laſt tribe of 
the creation, to acknowledge and admire the ſame 
Creator's work and contrivances in them. For 
we have here a large family of animals, in every 
particular reſpect, curiouſly contrived and made, 
for that eſpecial poſture, place, food, and office 
or buſineſs which they obtain in the world. S 
that if we confider their own particular happineſs 
and good, or man's uſe and ſervice; or if we 


view them throughout, and confider the parts 


wherein they agree with man, or thoſe eſpecially 
wherein 


ruf CONCLUSION: „ 


Ain they differ; we ſhall find all. to be ſo 
far from being things fortuitous, undeſigned, or 
any way accidental, that every thing is done for the 
beſt ; all wiſely contrived, and incomparably fitted 
up, and every way worthy of the great Creator. 
And he that will ſhut his eyes, and not ſee 
God ® in theſe his works, even of the poor beaſts 
of the earth, that will not ſay, as Elihu hath it, 
Job xxxv. 10, 11. Where is God my Maker, 
who teacheth us more than the beaſts of the 
c earth, and maketh us wiſer than the fowls of 
© the heaven?“ Of ſuch an one we may uſe the 
« pſalmiſt's expreſſion, Pſalm xlix. 12. that he i is 


. « like the beaſts ® that — 5 

1 1 — Deum namque ire per omnes 

2 —— tractuſque maris, cœlumque profundum. 

1 Hine pecudes, armenta, — = omne ferarum. 

n | nas Geor. l. "VE 

J n 6 Illos qui ; nullum omnino Deum eſſe dixerunt, non modo non 5 | 4 


* philoſophos, ſed ne homines quidem fuiſſe dixerim ; qui mutis : 
© fimilimiex ſolo corpore conſtiterunt, nihil ridentes 2 animo.“ Lace 
tant. I. vii. c. 9 


A SURVEY OF BIRDS. 


Hes an 2s well as 1 could; Gf 
11 patched the tribe of quadrupeds ; I ſhall 


next take a brief and tranſient view of the feather- 
ed tribe. 


"lp here we * another large province to 
expatiate in, if we ſhould deſcend to every thing 
wherein the workmanſhip of the Almighty ap- 

pears. But I muſt contract my ſurvey as much 

as may be; and ſhall therefore give only ſuch 
| hints and touches upon this curious family of 
animals, as may ſerve for ſamples of the reſt of 
what might be obſerved. 


CHAP. 


land and waters; ſo is their body accordingly | 


__ OF THE MOTION OF BIRDS> 


2 „ 


OF THE MOTION. or BIRDS, AND THE PARTS 
5 MINISTEAINVO THERETO. 


A 5 this tribe hath a different motio notion from 
I that of other animals, and an amphibious 
5 way of life; partly 1 in the air, and partly on the 


ſhaped, and all their parts incomparably fitted 
for that way of life and motion; as will be 


found by a curſory view of ſome of the particu- 5 
| lars. „„ wy 


1. And moſt viſible thing is the ſhape and 
make of their body, not thick and clumſy, but 
incomparably adapted to their flight: ſharp be- 
fore, to pierce and make way through the air, 
and then by gentle degrees rifing to its * bulk. 
To which we may add, e 


II. The 
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28 THE FEATHERS « or BIRDS. | 


II. The neat poſition of the feathers rai 


out the body; not ruffled, or diſcompoſed, or 
placed ſome this, ſome a contrary way, according 


to the method of chance; but all artificially - 


placed e, for facilitating the motion of the body, 
and its ſecurity at the ſame time, by way of 
clothing : and for that end, moſt of the feathers 


tend backward, and are laid over one another! in 


exact and regular method, armed with warm and 


ſoft down next the body, and more ſtrongly 
made, and curiouſly cloſed next the air and 


3 to fence off the injuries thereof. To 
which purpoſe, as alſo for the more eaſy and 
nimble gliding of the body through the air, the 
proviſion nature hath made, and the inſtinct of 
theſe animals to preen and dreſs their feathers, 
is admirable; both in reſpect of their art and 
curioſity in doing it, and the oil-bag ?, glands, 
and whole apparatus for that ſervice. 


» See before, book iv. chap. 2. 


» Mr. Willoughby faith, there are two glands for the ſecretion of 


the unctuous matter in the oil-bag. And ſo they appear to be in 
geeſe. But upon examination, I find, that in moſt other birds, ſuch | 
at leaſt as I have inquired into, there is only one gland; in which 


are divers little cells, ending in two or three larger cells, lying under 
the nipple of the oil-bag. This nipple is perforated, and- being 


preſſed, or drawn by the bird's bill, or head, emits the liquid oil, as 


it is in ſome birds, or thicker unctuous greaſe, as it is in others. The 


- Whole oil - bag is in its ſtructure ſomewhat conformable to the breaſts | 
of ſach animals as afford milk. 


III. Axp 


to the body's motion, let us ſurvey the grand 


| parable curiofity every feather is made; the ſhaft 
| exceeding ſtrong, but hollow below, hor ſtrength 
and lightneſs ſake; and above, not much leſs 
ſtrong, and filled with a parenchyma or pith, © 
both ſtrong and light too. The vanes as nicely 
g gauged on each fide as made; broad on one ſide, 
and narrower on the other; both which incom- 

parably miniſter to the progrefive motion of the ey 


— 
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III. Ap now- bving faid thus much relating f 


inſtrument thereof, the wings. Which as they 
are principal parts, ſo are made with great ſkill, 


and placed in the moſt commodious point of the 


body *, to give it an exact equipoiſe in that 
ſubtle medium, the air. 1 


Axp here it is obſervable, with what'i incom- | 


«In all birds that 1 much, or that PEER the moſt occaſion for 


_ their wings, it is manifeſt that their wings are placed in the very beſt 
part, to balance their body in the air, and to give as ſwift a pro- 
greſſion, as their wings and body are capable of: for otherwiſe we 
ſhould perceive them to reel, and fly unſteadily: as we ſee them 
to do, if we alter their æquipoiſe, by cutting the end of one of the 
wings, or hanging a weight at any of the extreme parts of the body. 
But as for ſuch birds as have as much occaſion for ſwimming as 
flying, and whoſe wings are therefore ſet a little out of the centre of 


the body's gravity, ſee book iv. chap. 8. and for ſuch as have 
more occaſion for diving than flying, and whoſe legs are, for that 
reaſon, ſet more backward, and their wings more n ſee 
* 4: of this book. — — 


bird, 
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Vir, as alſo to the union. and cloſeneſs of the 
wing”. 


plumage alſo*; which is ſo curiouſly wrought, 


great nicety in the formation of birds, by the nicety obſerved in a 


Interior wider vanes upwards ; by which means they catch, hold, 
one feather may miſs its full force and impulſe upon the air. 2. A 


of the flag-feathers : the interior vanes being neatly ſloped away to a 
: yon; towards the outward part of the wing; and the exterior 


middle of the wing, the vanes being equal, are but little ſloped. 80 
that the wing, whether extended or ſhut, is as neatly ſloped and 
formed, as if mans An * with a Pair of eib. N 


mechaniſm of the Vanes, Or webs of the feathers, my obſervation 
may not be unacceptable. The vane conſiſts not of one continued 
membrane; becauſe if once broken, it would hardly be reparable ; 
but of many laminz, which are thin, ſtiff, and ſomewhat of the na- 
ture of a thin quill. Towards the ſhaft of the feather, (eſpecially 
in the flag-feathers of the wing,) thoſe laminz are broad, &c. of a 
ſemicircular form; which ſerve for ſtrength, and for the cloſer 


grow {lender and taper : on their under fide they are thin and ſmooth, 


lender and bearded above the other half. 1 — as well as I 


THE WINGS or DS. 


Ap no leſs exquiſite is the textrine art of the 


and 


% 


- The wiſe | Author of nature hath afforded an example of the 


part no more conſiderable than the vanes of the flag-feathers of the 
wing. Among others, theſe two things are obſervable: x, The 
edges of the exterior or narrow vanes bend downwards, but of the 


and lie clofe to one another, when the wing is ſpread ; ſo that not 


yet lefer nicety is obſerved, and that is, in the very ſloping the tips 


vanes ſloped towards the body, at leaſt in many birds; and in the 


s « Since no 3 account, FE I know of, hach been given of the 


ſhutting of the laminz to one another, when impulſes are made upon 
the air. Towards the outward. part of the vane, theſe laminz 


but their upper-outer edge is parted into two hairy edges, each ſide 
having a different fort of hairs, laminated or broad at bottom, and 


could, 


de 


and ſo anifctalty interwoven, that it canner be 


| deſerves more to be ſaid of it, what an admirable 


| the other, as in Fig, 20. Both theſe forts of briſtles magnified, (only 
ſcattering, and not cloſe,) are repreſented as they grow upon the 
upper edge of the lamina S t, in Fig. 18. And in the vane, the 
hooked beards of one lamina always lie next the ſtrait beards of the 
next lamina; and by that means lock and hold each other; and by 


m WINGS OF BIRD. | 4 Mm 


viewed without admiration Ps * the 
eye is n with waſtes, Pet 


from paſſing through, whereby the by im- 


pulſes are made mand 


And laſtly, to ſay no more of this part, * 


apparatus is there of bones, very ſtrong, but 


withal light and incomparably wrought! of 
joints, which open, ſhut, and every way move, 


could, repreſented the uppermoſt edge of one of theſe laminæ in 
| Fig. 18. with ſome of the hairs on each fide, magnified with a mi- 
| croſcope. Theſe bearded briſtles, or hairs, on one fide the laminz, 
have ſtrait beards, as in Fig. 19. thoſe on the other ſide, have hooked. 


beards on one fide the flender part of the briſtle, and firait ones on 


a pretty mechaniſm, brace the laminz cloſe to one another. And 


if at any time the vane happens to be ruffled and diſcompoſed, it can, 


T Vide book 2222 
ir. — 12. 


accordin 2 


And as att made, fon no leſs curiouſly are 

the feathers placed in the wings, exactly accord- 
ing to their ſeveral lengths and firength : the 
| principals | ſet for ſtay and ſtrength, and theſe 
again well lined, faced, and guarded with the 
covers and ſecondary feathers, to keep the air 
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in flight, or withdrawing the wing again to the 
body ! and of various muſcles; among which 


ſcents in the air, and to obviate the vacillations of the body and 
| wings. For „ as for turning to this or that ſide, it is performed by 


| | | | 4 , " 
— __ mv TAILS OF BIRDS. © 
5 5 We * ; . 
- 


according to the occaſions either of extending it 


the peculiar ſtrength of the pectoral muſcles de- 


ſerves eſpecial remark, by reaſon they are much 


ſtronger in birds than in man, or any other ani- 
1 _ not made for ug 4 | 


IV. Next the wings, the tail is in \ flight « con- 


fiderable; greatly afhſting in all aſcents and de- 
| ſcents i in the air, as alfo ſerving to ſteady flight, 


by 


t © Peftorales muſculi hominis flectentes humeros, parvi et parum 


carnoſi ſunt; non æquant 50am aut eam partem omnium muſ- 
© culorum hominis. E contra in Avibus, pectorales muſculi vaſtif- 
14 ſimi ſunt, et zquant, imo excedunt, et magis pendent, quam reli- 


© qui omnes muſculi ejuſdem avis fimul ** Borell. de Mor. 


« * vol. 1. * * 


- "Me. Wiklimghby, hevieg cate the . e en e his | 
reflection on it. © Whence, if it be poſſible for man to fly, it is 


© thought by them who have curiouſly weighed and confidered the 


: matter, that he that would attempt ſuch a thing with hopes of ſuc- 
© cefs, muſt ſo contrive andladapt his wings, that he may make uſe of 
_ © his legs, and not his arms, in managing them: (becauſe the muſcles - 
of the legs are 93 as he 2 )  Willough. Ornith. Li: 
. . ſect. 19. | 


ky Mr. Willoughby , Ray, and many others imagine the princi- 


pal uſe of the tail to be to ſteer and turn the bady in the air as a rud- 
der. But Borelli hath put it beyond all doubt, that this is the leaſt 


uſe of it, and that it is chiefly to aſſiſt the bird in its aſcents and de- 


the 
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by ketpizip the body — in that ſubtle and 
yielding medium, by its readily turning and an- 
ſwering every acillation of the body. "by 


Axp now to the parts ſerving to flight, let us 
add the nice and complete manner of its per- 
| formance; all done according to the ſtricteſt 
rules of mechaniſm”. What rower on the wa- 


act motion to the wings, than theſe untaught fly- 

ing artiſts do to theirs'! Serving not only to bear 
their bodies up in the air, but alſo to waft them 
along therein, with a ſpeedy progreſſive motion, 
as alſo to ſteer and turn them this way and that 
way, up and down, faſter or ſlower, as their o- 
caſions require, or their pleaſure leads them. 1 


. Next to the parts for flight, let us view the 
he feet and legs miniſtering to their other motions : 
e- both made light, for eaſier tranſportation through 
R the air; ; and the former ſpread, ſome with mem- 


the wings and inclinations of the body and but very little by the help 
of the tail, 


see Borelli, ubi ſupra, prop. x82, Kc. 


bo = e e c hs branes : 


ters, what artiſt on the land, what acuteſt ma- 
thematician could give a more agreeable and ex- 
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ties for fimiming », ſotne without, for ieady 
going, for perching, for catching: and holding 


legs, all curved for their eaſy perching, rooting, 


to enable them to wade in the waters : in which caſe, their legs are 


for this purpoſe. Their toes alſo are all broad; and in ſuch as bear 
the name of mud · ſuckers, two of the toes are ſomewhat joined, 
that they may not eaſily fink in walking upon boggy places. And 
as for ſuch as are whole-footed, or whoſe toes are webbed together, 
except ſome few, their tegs are generally ſhort, which is the moſt 


artificially they gather up their toes and feet when they withdraw 
their legs, or go to take their ſtroke; and as artificially again extend 


_ * firiking down their prey.“ Willoughby Ornith. I. ii. c. 1. Raii. 
Synopſ. Av. Method. p. 1. ee Wage _ 8 


kind, have for this purpoſe, (as Mr. Willoughby obſerves, 1. 2-0-4). 
1. Strong and muſculous thighs. 2. Short legs and very ſtrong. 


alſo are cloſe jointed together, that they may more ſtrongly and 
firmly lay hold on the tree they climb upon. 4. All of them— 
have a hard ſtiff tail, bending alſo 8 on which _ leans p 
and fo bear up themſelves in climbing. 
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of prey *, or for hanging by the heels, to gather 
their food 2, or to fix themſelves in their place of 
retreat and ſafety. And the latter, namely, the 


» It is conſiderable in all water · fol, how exaAly their legs and 
feet correſpond to that way of life. For either their legs are long, 


bare of feathers a good way above the knees, the more conveniently 


convenient fize for ſwimming. And it is pretty enough to ſee how 


or open their whole foot, when they preſs upon, or drive m 
forward in the u aters. 
5 x Some of the characteriſtics of rapacious birds, are, © to have 
© hooked, ftrong, and ſharp-pointed beaks and talons, fitted for 
rapie, and tearing of fleſh; and ſtrong and brawny thighs, for 


® Such birds as 4 particularly thoſe of the wood-pecker- 


3. Toes ſtanding two forwards and two. backwards. Their toe, | 


and 


and reſt, as alſo to help 8 upon their wings 
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in taking their flight, and to be therein commo- 
diouſly tucked up to the body, ſo as not to ob- 


ſtruct their flight. In ſome long, for wading 


and ſearching the waters; in ſome of a moderate | 
length, anſwerable to their vulgar occaſions ; 
and in others as remarkably ſhort, to anſwer their 
efpecial occafions and manner of life *. To all 


theſe let us add the placing theſe laſt mentioned 


parts in the body. In all ſomewhat out of the 


center of the body's gravity * but in ſuch as 


2 Swifts and faullows have ail ſhort legs, eſpecially the 


former, and their toes graſp any thing very ſtrongly. All which is 


uſeful to them in building their neſts, and other ſuch occaſions as 


neceſſitate them to hang frequently by their heels. But there is far 


greater uſe of this ſtructure of their legs and feet, if the reports be 


true of their hanging by the heels in great cluſters, after the manner 
of bees, in mines and grottos, and on the rocks by the ſea, all the 
winter, Of which latter, I remember the late learned Dr. Fry told 
this ſtory at the univerſity, and confirmed it to me fince, viz. that an 


ancient fiſherman, accounted an honeſt man, being near ſome rocks 


on the coaſt of Cornwall, ſaw at a very low ebb, a black liſt of 
ſomething adhering to the rock, which when he came to examine, 

he found it was a great number of ſwallows, and, if I miſremember 5 
not, of ſwifts alſo, hanging by the feet to one another, as bees do; 
which were covered commonly by the ſea waters, but re vived in his 


warm hand, and by the fire. All this the fiſherman himſelf aſſured LE 


the doctor of. Of this, ſee more, chap. 3- of this book. 


* In birds that frequent not the waters, the wines are in the 


centre of gravity, when the bird lies along, as in flying - but when 


it ſtands or walks, the erection of the * throws the centre of 
gravity upon the thighs and feet. 


3 


ſwim, 


m 


ing 


" 


, for the better row 
ies through the waters, or to help the 


9 


| THE LEGS OF BIRDS. 
in others 


3H I 
F' © wy 
f E 8 2 
; > 0 
E = 2 


6 
fo 
their 
in 


4 


chap. 4. 


© See 
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5 er, tribe, let us proceed to ſome other 


parts not yet animadverted upon. And we will 
begin with the head, concerning which I have 


er THE HEADS, Sc. OF BIRDS. 5 


oF THE HEAD, STOMACH, AND OTHER PARTS ( or 


BIRDS. 2 


HUS wks diſpatched the parts princi- 
| pally concerned in the motion of the 


already taken notice of its ſhape for making way 


through the air; of the make of the bill, for 
gathering food, and other uſes; the commodious 
 fituation of the eye ; and I might add that of the 
car too, which would be in the way, and obſtruct 
flight, if it was like that of moſtother animals: 


alſo I might ſay a great deal of the conformation 


of the brain ©, and of the parts therein wanting, 
and 


| * « Cerebra hominum et quadrupedum in pleriſque ſimilia ex- 


iſtant.—Capitibus yolucrum et piſcium contenta, ab urriſque pri- 
.c " oribus 
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and of others added, like to what is obſervable 
in fiſhes ; whoſe poſture in the waters reſembles 
that of birds in the air ©, and both very different 
from man and beaſts; and laſtly, to hint at no 
more, I might ſurvey the peculiar ſtructure of 
the larynx *, the tongue 8, be inner ear *, and 
many 
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© oribus longe diverſa, tamen inter ſe, quoad præcipuas Zyz:94a8 
partes, ſymbola reperiuntur The particulars wherein the brains 
of birds and fiſhes agree with one another, and wherein they differ 
from the brain of man and beaſt, ſee in the fame jultly famous 
author, Willis. Cares. Anat. 4 
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« © Circa vil Ss arteriz, elegans artificis libere 
© agentis indicium detegitur ex avium comparatione cum quadruped- 
© 1bus : cum vocis gratia in diverſis avibus diverſam muſculorum 

© fabricam bifurcationi aſperæ arteriæ dederit, quorum nullum 
veſtigium extat in homine et quadrupedibus mihi viſis, ubi omnes 
© yocis muſculos capiti arteriæ junxit. In aquila, etc. ſupra bifur- 
© cationem,” etc. Steno! in Blaſ. Anat. Animal. p. 2. c. 4. 


be aſpera arteria is very remarkable in the ſwan, which is thus 

_ deſcribed by T. Bartholin, viz. «* Afſpera arteria admirandæ fatis 
© ftruftura, Nam pro colli longitudine deorſum ceſophagi comes 
© protenditur donec ad ſternum perveniat, in cujus capſulam ſe in- 
© curvo flexu inſinuat et recondit, velut in tuto loco et theca, mox- 
c que ad fundum ejuſdem cavitatis delata ſurſum reflectitur, egredi- 
turque anguſtias ſterni, et claviculis mediis conſcenſis, quibus ut 
fulcro nititur, ad thoracem fe flectit Miranda hercle modis 
omnibus conſtitutio et reſpirationi inſervit et voci. Nam cum in 
C ſtagnorum fundo edulia pro victu quzrat, longiſſimo indiguit 
© collo, ne longa mora ſuffocationis incurreret periculum. Et certe 
dum dimidiam fere horam toto capite et collo pronis vado immer- 

* Sitrur, , . in altum elatis . obverſis, ex ca arteriæ 

0 42 £7 $424 | * qu? 


and remarkable, whether we look at its great length, its bones and 

muſcles, its encompaſſing part of the neck and head, the better to 

exert itſelf in length, and again, to retraC it into its cell; and laſt - 
ly, whether we look at its ſharp, horny, bearded point, and the 


4 


« pertuſa, foramini roſtrum immittit, ac quo animalcula ſtridore 
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39 
many matters befides; but for a ſample, I ſhall 
only inſiſt upon the wonderful proviſion i in the 


bill for the Judging of the food, and that is by 
"JO 


« quz | offi dictæ 1 eſt portione, ranquam ex condo 


9 — 5 Blal. ib. c. 10. 


+ The rature of theronge of the wood-ycker very ein, 


glewy matter at the end of it, the better to ſtab, to flick unto, and 
draw out little maggots out of wood. Utilis enim picis (faith 
© Coiter) ad vermiculos, formicas, aliaque inſecta venanda talis 


lingua foret. Siquidem picus, innata ſaa ſagacitate cum depre- 


© hendit alibi in arboribus, vel carie, vel alia de cauſa cavatis, ver- 


"M8 mes inſectaque deliteſcere, ad illas volitat, ſeſeque digitis, unguliſ- 


« que poſterioribus robuſtiſſimis, et caudæ pennis rigidiſſimis ſuſ- 
© tentat, donec valido ac peracuto roſtro arborem pertundat : arbore 


« excitet percellatque, magnam in arboris cavo emittit vocem, inſecta 
« yociferatione hac concitata huc illucque repunt; picus vero linguam 
© ſuam exerit, atque aculeis hamiſque animalia infigit, infixa attrahit 
« et t devorat.” Vide — * 22 K* c. 24. 


* have WIRE in book i iv. chap. 3. 3 notice of what others ; 


have obſerved concerning the inner ear of birds, reſerving my own 


obſervations for this place : which 1 hope may be acceptable, not 
only for being ſome of them new, but alſo thewing the mechaniſm 
of hearing in general. 


In this organ of birds, I ſhall take notice only of three parts, 
the membranes and cartilages; the columella; and the conclave, 
the drum, as ſome call it, or membrana tympani, as others, con- 
fiſts of two membranes, the outer, which coyers the whole meatus, 

C4 . 
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peculiar nerves lodged thetein for that purpoſe ; 
ſmall and leſs numerous in ſuch as have the 
aſſiſtance or another ſenſe, the * but large, 

more 


baſon, or drum, as ſome call it, and the inner membrane. To ſup- 
port, diſtend, and relax the outermoſt, there is one fingle cartilage, 
reaching from the fide of the meatus, to near the middle of the 
membrane. On the top of the columella is another cartilage, con- 
| fiſting of three branches, a, b, c, in Fig ez. The longeſt middle 
branch, a, is joined to the top of the ſingle upper cartilage before 
ſpoken of, and aſſiſts it to bear up the upper outer membrade : the 
two branches, b, e, are joined to the os petroſum, at ſome diſtance 
from the outer membrane: upon this inner cartilage, is the inner 
membrane fixed, the two outer ſides of which, a, b, and a, e, are 
; = to the outer membrane, and make a kind of a three ſquare 
The deſign of the two branches or legs of the cartilage, b, e, 
Fu 1 conceive, to keep the cartilage and columella from wavering 
fide ways, and to hinder them from flying too much back: there 
zs a very fine ſlender ligament extended from the oppoſite ſide, quite 
acroſs the meatus or baſon, to the bottom of the cartilage, near its 
Joining to the columella. Thus much for the membrana m 
and their cartilages. 


8 —_ is the columella, as Schelhammer calls it. This 
38 a very ſine thin, light, bony tube; the bottom of which ſpreads 
about, and gives it the reſemblance of wooden pot lid, ſuch as I 
have ſeen in country-houſes. It exactly ſhuts into, and covers a 
foramen of the conclave, to which it is braced all round, with 2 p 
fine ſubtle membrane, compoſed of the tender auditory nerve. . 
This . or baſe of the columella, 1 call the operculum. „ 


Thelaſt part, which tene call the labyrinth and cochlea, confiſt- 
ing of branches more like the canales ſemicireulares in man, than the 
cochlea, I call the conclave auditus. It is, as in moſt other ani- 
mals, made of hard context bone, Tn moſt of the birds I have 

opened, there are circular cana/s, ſome larger, ſome leſſer, croſſing 
one 


iP » 8 


"IN 


more numerous, and thickly branched TIEN to 


the very end of the beak, in ſuch as hunt for 
their 


one another at right angles, which open into the conclave. But in 
the gooſe it is otherwiſe, there being cochleous canals, but not like 

thoſe of other birds. In the conclave, at the fide oppoſite to the 
| operculum, the tender part of the auditory nerve enters, and 


lineth all thoſe 1 inner retired parts „ Viz. the conclave and canals. 


* to the 2 3 and other parts obſervable i in 8 
car of birds, I ſhall paſs them by, it being ſufficient to my purpoſe, 


to have deſcribed the parts principally concerned in the act of hear- 


ing. And as the ear is in birds the moſt ſimple and incomplex of 
any animal's ear; ſo we may from ir make an eaſy and rational judg- 
ment, how hearing is performed, viz. ſound being a tremor or un- 
| dulation in the air, cauſed by the colliſion of bodies, doth, as it 
moves along, ſtrike upon the drum, or membrana tympani, of the 


ear: which motion, whether ſtrong or languid, ſhrill or ſoft, tune- 


ful or not, is at the ſame inſtant impreſſed upon the cartilages, 
columella, and operculum, and fo CEN to the auditory | : 


nerve in che conclave. f 


And now if we e compare the organ 2 af of TER wh thed 
of fight, we ſhall find that the conclave is to hearing, as the retina 
is to ſight ; that ſonorous bodies make their impreſſions thereby on 
the brain, as viſible objects do by the retina. - Alfo, that as there is 
an apparatus in the eye, by the opening and ſhutting of the pupil, 
to make it correſpond to all the degrees of light, ſo there is in the 
ear, to make it conformable to all the degrees of ſound, a noble 
train of little bones and muſcles in man, &c. to ſtrain and relax the 
membrane, and at the ſame time to open and ſhut the baſis of the 


ſtapes (the ſame as what I call the operculum in birds: ) but in birds 
there is a more ſimple but ſufficient apparatus for this purpoſe, 
tender cartilages, inſtead of bones and joints, to correſpond to the 


various impreſſions of ſounds, and to open and ſhut the operculum. 
Beſides which, J ſuſpect the ligament I mentioned, is only the ten- 
don of a muſcle, reaching to the inner membrana tympani, and 
jon - 
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their food out of _ in the waters, in mud, or | 
under ground i, 


— 
— — — AI 


| AnD now from the head and mouth, paſs we 
to its near ally, the ſtomach, another no leſs not- 
able than uſeful part; whether we confider the 
elegancy of its fibres and muſcles, or its multi- 
plicity; one to ſoften and macerate, another to 
digeſt; or its variety, ſuited to various foods, 


9 . - — 
— — — 0 ag P_ - — 1 — = * * — 2 — - 
OOO en nee So r „„ —5r— jꝙ — — — — Ar gp — 


0 

ſome membranous, agrecable to the frugivorous, 3 
10 | 3 - "NICE thereto, 251 find by a frrifter freminy,and net to the nia, 
1 ij iy mn as I imagined. By this muſcle, the inner membrane, and by means 


of that the outer alſo, can be difiended or relaxed, as it is in man, 
1 by the mallem and its ate, &c. 


© 80 Flat-billed birds, that grope for their meat, have three pair of 
© nerves, that come into their bills, whereby they have that ac- 
© curacy todiftinguiſh what is proper for food, and what to be re- 
„ 6 jected by their taſte, when they do not ſee it. This was moſt evi- 

. dent in a ducks bill and head; ducks having larger nerves that 
com into their bills than geeſe, or any other bird that I have ſeen; 

| © and therefore quaffer and grope out their meat the moſt. But 
then I diſcovered none of theſe nerves in round-billed birds. But 
© fince, in my anatomies in the country, in. a rook, I firſt obſerved 
two nerves that came down betwixt the eyes into the upper bill, 
© but conſiderably ſmaller than any of the three pair of nerves in 
© thebills of ducks, but larger than th nerves in any other round- 
i 5 dilled birds. And it is remarkable that theſe birds, more than 
= ny round billed birds, ſeem to grope for their meat in cow- dung, 
\F . &c. Mr. J. Clayton, in Philoſo. Tranſ. No. 206. 
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I obſerved three pair of nerves in all the broad - billed birds that 
I could meet with, and in all ſuch as feel for their food out of 
fight, as ſnipes, woodcocks, curlews, geeſe, ducks, teals, widgeons, 
« &c. Theſe nerves are — large, i almoſt the optic 


_ © nerve 
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43 
or carnivorous kind; ſome muſculous and 
ſtrong *, ſuited to the comminution, and grind- 

ing of corn and grain, and fo to ſupply the 
defect of teeth. 


AxD now to this ſpecimen of the parts, I might 
E add many other things, no leſs curiouſly contriv- 
ed, made, and ſuited to the occafions of theſe 
volatiles ; ; as particularly the ſtructure and lodge- 
ment of the lungs”; 1 the 2 of the 


breaſt, 


© nerve in "i — . are diftributed nigh the end of the 


upper bill, and are there very much expanded, paſſing through the 
bone into the membrane, lining the roof of the mouth. Dr. A: 


| Moulen, ibid. No. 199. both in Mr. 8 Abridg. 


wl. II. p. 861, 862. 


| uſeleſs. This grinding may be heard in falcons, eagles, &c. by 


* The 3 is not a made very eng eſpecially in the 
granivorous ; ; but hath alſo a faculty of grinding what is therein: 
for which purpoſe, the bird ſwalloweth rough ſtones down, which 
when grown ſmooth, are rejected and caſt out of the ftomach as 


laying the ear cloſe to them, when their ſtomachs are empty, as the 
. famous Dr. Harvey faith, De Gener. Exer 7. 


: As to the FER of the POE and the uſe of flones t to the 
digeſtion of fowls, divers curious experiments may be met with, 


tried by figneur Redi, with glaſs bubbles, ſolid glaſs, * _ 


other hard bodies. See his Exp. Nat. 


_ 7 Itis no leſs nadie is birds, that their lungs adhere to the 
thorax, and have but little play, than that in other animals they are 

looſe, and play much, which is a good proviſion for their ſteady 
flight. Alſo they want the diaphragm, and inſtead thereof have 
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and to counterpoiſe the body, and ſupport and 
reſt it upon at rooſt. T he neck alſo might de- 
ſerve our notice, always either exactly propor- 
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breaſt, and its bone, made like a keel, for com- 
modious paſſage through the air, to bear the 
large and ſtrong muſcles, which move the wings, 


tioned to the length of the legs, or elſe longer, 


to hunt out food, to ſearch in the waters m; ag alſo 


to | counterpoiſe t the ** in fight". And laſtly, 


I might 


divers large bladders made of thin tranſparent membranes, with 


pretty large holes out of one into the other. Theſe membranes 


ſeem to me to ſerve for ligaments, or braces to the viſcera, as well 


as to contain air. Towards the upper part, each | lobe of the lungs 


is perforated in two places, with large perforations ; whereof one is 


towards the outer, the other towards the inner part of the lobe. 


Through theſe perforations, the air hath a paſſage into the belly 
as in book i. chap. 1. that is, into the forementioned bladders ; ſo 
that by blowing into the aſpera arteria, the lungs will be a little 
' raiſed, and the whole belly blown up, ſo as to be very turgid. 
Which doubtleſs is a means to make their bodies more or leſs 


buoyant, according as they take in more or leſs air to facilitate 


thereby their aſcents and deſcents ; like as it is in the 3 air bladders of 59 
8 in the laſt cited place. 


„Such birds as havs long legs, have alſo a long . for that 


« otherwiſe they could not commodiouſly gather up their food, 
I either on land, or in the water. But on the other fide, thoſe 
© which have long necks, have not always long legs, as in ſwans— 


© whoſe necks ſerve them to reach to the bottom of rivers,” &c. 
Willoughby 's Ornithol. I. 1. ſe& 7. 


> We ave n — geeſe, ducks, e. 


whoſe wings (their bodies being made for the convenience of ſwim- 
ming.) are placed out of the centre of gravity, nearer the head. 


Bur 
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I might here take notice of the defect of 4 dia- 
phragm, ſo neceſſary in other animals to reſpira- 
tion; and alſo of divers other parts redundant, 
defective, or varying from other animals. But 
it would be tedious to inſiſt upon all; and there 
fore to the examples already given, 1 would ra- 
ther recommend a nice inſpection » of thoſe cu- 
rious works of God, which would be manifeſt 
demonſtrations of the admirable contrivance and 
oeconomy of the bodies of thoſe creatures. 5 


Bis the fabric therefice of their bodies, I 
| ſhall paſs to a glance of one or two things, re- 
| lating to their ſtate; and ſo conclude this „ N 


* 


of the animal world. Ee 2 


5 But the extendiag PA neck ad head i in \ flight, and; a 2 2qui- * 
poiſe and libration of the body upon the wings; which is another 

excellent uſe of the long necks of theſe birds, Wy that of reach- 
ing and ſearching 1 in the waters for their food. 


But in the heron, whole head and long neck, although tucked up 
in flight, over-balance the hinder part of the body; the long legs 
are extended in flight, to counterpoſe the body; as well as to ſupply 8 
what 1s . in the tail, from the ſhortneſs of it, 


» Steno thus accu his 3 of the eagle, c Imperfecta 


— 1 muſculorum deſeriptio, non minus arida eſt legentibus, quam 


nſpectantibus fuerit jucunda eorundem præparatio. Elegantiſſima 
© enim mechanices artificia, creberrime in illis obvia, verbis non 
© nifiobſcure exprimuntur, carnium autem ductu, tendinum colore, 
© infertionum proportione, et trochlearum diſtributione oculis ex- 
© pefita omnem ſuperant admirationem.” Steno in Blaſ. Anat, Ani. 
mal. p. z. c. 4. 
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THE.| MIGRATION OF BIRDS. | 


or THE MIGRATION OF BIRDS. | 


\ONCERNING t „ 
mals, the firſt thing I ſhall ſpeak of, by rea- 


fon God himſelf inſtanceth it, ſhall be their 
migration, mentioned Jer. viii. 7. Yea, the 
© flork in the heaven knoweth her appointed 
© times, and the turtle, and the crane, and the 
© ſwallow obſerve the time of their coming; ; but 


e my * &c. 


Ix which act of migration, there are two things 


to me exceedingly notable. One is what the 
text ſpeaks of, their knowing their proper 
times for their paſlage, when to come?, when 2 


p'6 Curiofa res eſt, ſcire, quam exacte hoc genus n [gruum}] 
* quotannis obſervet tempora ſui reditus ad nos. Anno 1667, 
« primz grues comparuerunt in campeſtribus Piſe 20 Feb. Gee. 
P. Redi Exp. Nat. p. 100. ubi plurs. Po 


to 
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to go; as alſo ani has ſhould come, when 
others go; and ſome others go, when theſe 
come. There 1 is no doubt but the temperature 
of the air, as to heat and cold, and their natural 
propenſity to breed their young, may be great 
incentives to thoſe creatures to change their ha- 
bitation : but yet it is a very odd inſtinct, that 
5 they ſhould at all ſhift their habitation; that 
ſome certain place 1 is not. to be found in all the 

terraqueous globe, affording them convenient 

| food and habitation all the year, either in the 
; colder climes, for ſuch as delight i in the colder 
regions; or the hotter, for ſuch birds of paſſage | 


as fiy 1 to us in ſummer. 


4 


. Hes it is ſomewhat runge, that thoſe untaught, 
5 unthinking creatures ſhould ſo exactly know the 
beſt and only proper ſeaſons to go and come. This 
| gives us good reaſon to interpret the m) ap- | 
e times a in the text, to be ſuch times as the 

l Creator hath appointed thoſe ne. and hath 


. © Bram IP © indixit, conſtituit, ſcil. locum, * tempus, ubi 
4. quando * fieri debet.” Buxt. in verb. OT, 


Mr De ** ſua certiorem reddidit. C. 1 Concordant. 
Pars 1. Col. 1846. 50 © Generaliter pro re aliqua certa, at- 
© teſtata, et definita accipitur. 1. Pro tempore certo et conſtituto. 
* 2, Deinde pro feſto ſeu ſolennitate, quæ certo et ſtato tempore 
. celebratur. 3. Pro loco certo conſtituto. Id. ibid. Col. 1847. 


accord- 
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accordingly, for this end, imprinted upon their 
_ natures fuch an inſtinct, as exciteth and moveth 
them thus, at proper times, to fly from a place 
that would obſtruct their generation, or not af- 
ford convenient food for them, and their young, 
and betake themſelves to another place, affording 
all that 1 18 — for food or incubation. 


Axp this leads me to another thing remarkable 
in this act of migration; and that is, that thoſe 
unthinking creatures ſhould know what way to 
ſteer their courſe r, and whither to go. What 
but the great Creator s inſtinct ſhould ever move 
a poor fooliſh bird, to venture over vaſt tracks of 
land, but eſpecially over large ſeas? If i it ſhould | 
be ſaid, that by their high aſcent up into the air, 
they can ſee croſs the ſeas; yet what ſhould 
teach or perſuade them, that that land is more 
proper for their purpoſe than this ? That Britain, 


© © Quis non cum admiratione videat ordinem et politiam pere - 
* grinantium avium, in itinere, turmatim volantium, per longos 
terrarum et maris tractus abſque acu marina Quis eas certum 
iter in aeris mutabili regione docuit? Quis præteritæ ſigna, et 
futuræ viz indicia? Quis eas ducit, nutrit, et vitæ nece ſſaria 
miniſtrat? Quis inſulas et hoſpitia illa, in quibus victum reperiat, 
indicavit; modumque ejuſmodi loca in peregrinationibus ſuis in- 
veniendi ? Hæc ſane ſuperant hominum captum et induſtriam, qui 

non niſi longis experientiis, multis itinerariis, chartis geographicis, 
Det acus magneticæ beneficio, ejuſmodi marium et terra- 
rum tractus conficere tentant, et audent. L. de Beaufort. 
Coſm. Divina, ſect. . 


for 
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for inſtance, ſhould afford them better accom- 
modations than Egypt *; than the Canaries, than 
Spaio, or any of thoſe many intermediate Places 
| over which ſome of them probably fly. 


el inſtance particularly in Egypt, becauſe Mr. Willoughby thinks ; 
ſwallows fly thither, and into Ethiopia, &c. and that they do not 


3 lurk in holes, or under water, as Olaus Magnus re ports. Vide 5 


Ornith. I. 2. c. 3. But Etmuller ee eee doubt, who 
faith, Memini me plures, quam quas medimnus ceperit, hirundi- 
© nes arte coacervatas inter piſcinz canvas, ſub olacie Js.” ad 
ſenſum exanimes, pulſantes tamen, reperũſſe. Ermul. Diſſert. 2. 
c. 16. ſect. 5. This, as it is like what Ol. Magnus ſaith, ſo it is a2 


na confirmation of ir. The archbiſhop's account is, In ſeptentrion- | 


© alibus aquis ſzpius caſu piſcatoris extrahuntur hirundines, in mo- 


dum conglomeratz maſſæ, quz ore ad os, et ala ad alam, et pede | 
ad pedem poſt principium autumni ſeſe inter cannas deſcenſurs 


colligarunt. - NMaſſa autem illa per imperitos adoleſcentes—extracy 

ta, atque in æſtuaria portata, caloris acceſſu hirundines reſolutæ, 
© volarequidem i incipiunt, fed exiguo tempore durant.” Ol. Mag. 
Hiſt. l. Ka E. 20. . 1 


since my ; penning- this note, we had, at a meeting of the Royal 
Society, Feb. 12, 1712- 13, a farther confirmation of ſwallows re - 
tiring under water in winter, from Dr. Colas, a perſon very curi- 
aous in theſe matters; who ſpeaking of their way of fiſhing in the 
northern parts, by breaking holes, and drawing their nets under the 


ſce, faith, that he ſaw fixteen ſwallows fo drawn out of the lake of 


Samrodt, and about thirty out of the King's great pond in Roſinei- 
len; and that at Schlebittin, near an houſe of the Earl of Dohna, 
he ſaw two ſwallows juſt come out of the waters, that could ſcarce 
ſtand, being very wet and weak, with their wings hanging on the 
ground; and that he hath obſerved the ſwallows to be often weak 
for fome days after their appearance. 
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Aun laſtly, to to all this, let us briefly add the 
accommodations theſe birds of paſſage have to 
enable them to take ſuch long flights, viz. the 


length of their wings, or their more than ordi- 


nary Krengrh for flight *. « 


© As fallews are well accommodated for long flights, by their 


long wings, ſo are quails by the ſtrength of their pectoral muſcles, 
dy the breadth of their wings, &c. For quails have but ſhort 
wings for the weight of their body; and yet they fly from us into 
warmer parts 2gainſt winter, and to us in the ſpring, croſſing our 
twice a year, flying from Europe to Africa, and back again: thus 
Bellonius, in Mr. Willouhgby, faith, « When he failed from Rhodes 


to Alexandria of Egypt, many quails, flying from the north to- 


© wards the ſouth, were taken in our ſhip ; wheace Iam verily per- 
© « ſuaded, that they ſhift places: for formerly alſo, when I failed out 
© of theifle of Zant to Morea, or Negropont, in the ſpring time, 1 
had obſerved quails flying the contrary way, from ſouth to north, 


« that they might abide there all fummer. At which time alſo, J 


C there were a prom many taken i in our ſhip.” Ornith. p. 170 


5 » 
— 
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CHAP. IV. 


or THE INCUBATION OF BIRDS, | 


2 thing relating to * ſtate Wu this 


tribe of animals, is their incubation. 


And firſt, the egg infelf deſerves our notice. | 


: : Its parts within, and its cruſty coat without, are 
_ admirably well fitted for the buſineſs of incu- 


for the formation of the body 4 before i its exit 


into 


The chicken is formed out of, and nouriſhed by the white alone, 
till it be grown great. The yolk ſerves for the chicken's nouriſh- 
ment, after it is well grown, and partly alſo after it is hatched. 
For a good part of the yolk remains after excluſion, being received 
into the chicken' s belly; and being reſerved, as in a ſtore houſe, 
* 1s by the [ appendicula, or ductus inteſtinalis, ] as by a funnel, cons 
© veyed into the guts, and ſerves inſtead of milk, &c. Willough- 

| = s Ornith. I. 1. c. 3. * Ipſum animal ex albo liquore ovi cor 

* Poratuy.- Cibus ejus in luteo eſt,” Plin. I. 10. c. 33 


D. 8 Ariſtotle 


bation. That there ſhould be one part provided MM 
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into the world, and another for its nouriſhment, 

after it is come into the world, till the bird is 
able to ſhift for, and help itſelf; and that theſe 
parts ſhould be ſo accurately braced, and kept 
in due place v, is certainly a defigned, as well 
as curious piece of workmanſhip, 
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Avis faith « The kong ſharp eggs . ; the round 
ones, with a larger compaſs at the ſharper end, males.* Hiſt, 
A . 6 c, 2. After which he tells of a ſot at Syracuſe, that ſat 


drinking ſo long, till eggs were harched ; 5 as alſo of the 2 of 
Fehr, of hatching es in — 


Y As the Fe and rin 3 the yolk and two whites together; 
ſo each of the parts (the yolk and inner white at leaſt) are ſeparated 
by membranes, involving them. At each end of the egg is a 
tredd! le, ſo called, becauſe it was formerly thought to be the ſperm 
of the cock, * But the uſe of theſe, (faith Pr. Harvey, in Wil- 
© loug. Ornith. c. 3.) is to be as it were, the poles of this microcoſm, 
and the conneftions of all the membianes twiſted and knit together, : 
« by which the liquors are not only conſerved, each in its place, 
but do alſo retain their due poſition one to another.” This al- 
though in a great meaſure true, yet doth not come up to what I 
have myſelf obſerved; for I find, that theſe chalzae, or treddles, 
ſerve not barely to Keep the liquors in their place, and poſition to 
one another; but alto to Keep one and the ſame part of the yolk up- 
permoſt, let the egg be turned nearly which way it will; which is 
done by this mechaniſm : the chalz ae are ſpecifically lighter than 
the whites, in which they ſwim; and being braced to the membrane ; 
of the yolk, not exactly in the axis of the yolk, but ſomewhat out 
* it, cauſcth one ſide of the yolk to be heavier than the other; fo 
that the yolk. being by the chalzae made buoyant, and kept ſwim- 
ming inthe midft of two whites, is by its own heavy fide kept with 
25 » the ſame fide always uppermoſt ; which uppermoſt fide, I have ſome 
_ reaſon to think, is that on which the cicatricula lies; that being com- 
monly uppermoſt in the ſhell, eſpecially in ſome ſpecies of eggs more 
IQ think, than others. — inn 
AND 
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Any then as to the act itſelf of incubation, 
what a prodigious inſtinct is it, in all or almoſt 


all the ſeveral ſpecies of birds, that they, and 
only they, of all creatures, ſhould betake them- 
ſelves to this very way of generation! How ſhould 


they be aware that their eggs contain their young, 


and that their production is in their power v! 
What ſhould move them to betake themſelves 
to their neſts, and there with delight and pa- 
tience to abide the due number of days! And 


when their young are gotten into the world, I 


have already ſhewn how admirable their art, 
their care, and z-v»! is in bringing them up until, 


and only until, they are able to "Wane for them- 


5 ſelves. 


Aw laſtly, when aimoſt the whole wide "= 


birds do thus, by incubation, produce their 
young, it is a wonderful deviation, that ſome 


few families only ſhould do it in a more nover- 
cal way , without any care or trouble at all, 
| only 


.» All birds lay a certain number of eggs, or nearly that a 


and then betake themſelves to their incubation ; but if their eggs be 
withdrawn, they will lay more. Of which, ſee Mr. Ray's Wiſdom 
of God, p. 137. 2 f 1 


*% 


. The tahon is a bird no W than a chicken, but is ſaid to "W 


an egg larger than a gooſe's egg, and bigger than the bird itſelf. 
| Theſe they lay a yard deep in the ſand, where they are hatched by 
the warmth of the ſun, after which they creep out, and ger to 
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to the heat and incubation of the fun. 


Voyages, vol. 1. This account is, in all probability, borrowed 
from Nieremberg, or Hernandez, (that copied from him,) who 
calls this bird by the name of Daie, and its eggs tapun, not the bird 
Itſelf, as Navarette doth. But my friend, Mr. Ray, faith of it, 
© Hiſtoria iſthzc proculdubio fabuloſa et falſa eſt. Quamvis enim 
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only by laying their eggs in the ſand, expoſed 
e ſun. Of this 
the Holy Scripture itſelf gives us an inſtance in 


| the oftrich : of which we have an hint, Lam. iv. 


3. The daughter of my people is become 


'© cruel, like the oſtriches in the wilderneſs.” 
This is more plainly expreſſed in Job. xxxix. 14, 
15, 16, 17. © (The oſtrich leaveth her eggs in 
the earth, and warmeth them in the duſt, and 
of forgetteth that the foot may cruſh them, or 
that the wild beaſt may break them. She is 
* hardened againſt her young ones, as though 
they were not hers; her labour is in vain, 
© without fear. Becauſe God hath deprived her 
© of wiſdom, neither hath he imparted unto her 
c underſtanding.” 
notice of three things: : 1. Of this anomalous 
way of generation. It is not very ſtrange, that 


In _ words I ſhall take 


no other incubation but that of the 955 ſhould 


fea * proviſions, Navarette's account of China, i in Collect. af 


aves nonnullz maxima ova pariwnt, ut v. g. Alkz, Lomwiz, 
« Arates, Arcticæ, &c. hujuſmodi tamen unum duntaxat, non plura? 
© ova ponunt antequam incubent: nec ullam in rerum natura avem | 


| dari exiſtimo cujus ova albumine careaut. Cum albumen precipua. 
© ovi pars fit, quodque privy fœtui alimentum lubminiſtrat. Rail. 
| W Av. Meth. . I 155. | 


produce 


* 
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i produce their young; but it is very odd and 
wonderful that any one ſpecies ſhould vary at all 
from the reſt of the tribe. But above all, 2. The 


ſingle care of the Creator, in this caſe, is very 
remarkable, in ſupplying ſome other way the 
want of the parent-animal's care and 2*y!7, ſo 
that the young ſhould, notwithſtanding, be bred 
up in thoſe large and barren deſarts of Arabia 


and Africa, and ſuch like places where thoſe 


| birds dwell, the moſt unlikely and unfitting, in 
all human opinion, to afford ſuſtenance to young 
helpleſs creatures; but the fitteſt therefore, to 

give demonſtrations of the wiſdom, care, and 
| eſpecial providence of the infinite Creator and 

Conſervator of the world. 3. The laſt thing I 
ſhall remark is, that the inſtincts of irrational 
animals, at leaſt of this ſpecified in the text, are 
attributed to God. For the reaſon the text 
yes why the « oſtrich is hardened againſt her 


#3 The eggs of the oftrich being buried in the ſand, are cheriſhed | 

only by the heat of the ſun, till the young be excluded: for the 

© writers of natural hiſtory do generally agree, that the old birds, 

| © after they have laid and covered their eggs in the ſand, forſake 

© them, and take no more care of them.” Willough. Ornith. I. 2 
; e. 8. feet. REY V 


* there is 3 aſtrich [of America] which Acaret tells us of, 
that takes more care of her young, by carrying four of her eggs, a 
little before ſhe hatcheth, to four parts of her neſt, there to breed 


worms for food for her — Acaret : Diſc. in —— I ä 
N 0 * by. 


Ds 8 : young 
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© young ones, as though they were not hers,” 
is, * becauſe God hath deprived her of wiſdom, 
K aha not imparted underſtanding unto her; i. e. 
he hath denied her that wiſdom, he hath not 
imparted that underſtanding, that z that na- 
tural inſtinct to provide for and nurſe up her 
young, that moſt other creatures of the fame, 
and other * are endowed with. A 


F 


NIDIFICATION OF BIRDS. 


Taos 1 have diſpatched what I intended to 
inſiſt upon concerning the ſtate of this ſet of 
animals; of which, as alſo of their admirable 8 
inſtincts, a great deal more might deſerve our 
eſpecial obſervation; particularly the admirable 
curioſity, art, and variety of nidification z, uſed 
among the various ſpecies of birds; the great 
ſagacity, and many artifices uſed by theds' in the 
inveſtigation and capture of their prey a, the due 
Proportion of the more and leſs uſeful, the ſcar- 
city of the voracious and pernicious, and the 
plenty of the manſuete and uſeful b. Alſo the 
2 variety of their motions and flight might deſerve 
conſideration, the ſwiftneſs of ſuch whoſe food 
f is to be — in far diſtant Places, a and different : 


2 See book * 8 88 
® See book iv. chap. 11. and _ 
| Þ See book iv. the beginning of chap. 10. 


: _ ſeaſons; 


\ 
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ſeaſons ©; the ſlower motion, and ſhort flights, 
of others more domeſtic; and even the auk- 
wardneſs of ſome others to flight, whoſe food is 
near at hand, and to be gotten without any 
great occaſion of flight“. Theſe, and divers 
other ſuch like things as theſe, I ſay, I might 
have ſpoken more largely unto; but I ſhall paſs 
them by with only a bare mention, having al- 
ready taken notice af them in the company of 
other matters of the like nature, and manifeſted . 
them to be acts of excellent deſign, wiſdom, and 
providence i in the you Creator, 


o See beck iv. chap, 8, | | 1 5 "fs | 


The colymbi, or duckers, having their food near at hand in 
the waters, are remarkably made for diving therein. Their heads 
are ſmall, bills ſharp-pointed, wings ſmall, legs flat and broad, and 
placed backward, and nearer the tail than in other birds; and laſtly, 
their feet, ſome are whole - footed, ſome cloven footed, but with- 


al fin- toed. Vide » Ornith, J. 3. ſect. 5. 


CHAP. 


THE CONCLUSION. 
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A now if we reflect upon the whole mat - 
& ter, we ſhall here find another large tribe 
of the creation, abundantly ſetting forth the wiſ- 
dom and glory of the great Creator. We praiſe 
the ingenuity and invention of men, for the con- 
trivance of various pneumatic engines ; we think 1 
them witty, even for their unſucceſsful attempts 
to ſwim in, and fail through that ſubtle element 
the air; and the curious mechaniſm of that ar- 
tiſt is had in remembrance, and praiſed to this 
day, who made a dove, or an eagle © to fly but a 
ſhort ſpace. And is not therefore all imaginable 
| honour and praiſe due to that infinite Artiſt, 
that hath ſo admirably contrived and made all 
the noble variety of birds; that hath, with ſuch 
incomparable curioſity and art, formed their bo- 
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© Vide book v. chap. 1. 


dies 
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THE CONCLUSION, 2 59 12 


dies from head to tail, without and within, that 
not ſo much as any muſcle, or bone, no, not 
even a featherf is unartificially made, miſplaced, 
redundant, or defective, in all the ſeveral fami- 
nuees of this large tribe? But every thing is ſo in- 
comparably performed, ſo nicely fitted up for 
flight, as to ſurpaſs even the imitation of the 
moſt ingenious ar rtificer among mortal rational 8 


: beings. | 


. c Down non fohum angelum, et hominem, ſed. nec exiguie etcon- 

« temtibilis animantis viſcera, nec avis pennulam, nec herbæ floſcu- 
l lum, necarboris folium, ſine ſuarum partium convenientia ia dereli- | 
6 quit.“ — de Cir. Dei l. SL e. 11. 


es 


find 


more perfect, thoſe animals ſtiled leſs perfect, or 
into, we 


ion to pu- 


inquire 


inal and product 


trefactions, &c. as ſome have thought, that we ſhall 
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or INSECTS. 
h uſed to be accounted the 
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U next deſerve a place in our ſur- 


INSECTS IN GENERAL. 
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AVING diſ patched that part of the animal 


world 


accounted mean and deſpicable parts of the crea- 


imper 


ſhall find them to be ſo far from deſerving to be 


H 


or INSECTS. or 


find them, I ſay, noble, and moſt admirable works 
of God. For as the famous natural hiſtorian, Plinys, 
prefaceth his Treatiſe of Inſects, to prevent the 
reproach of condeſcending, as might be thought, 
to ſo mean a ſubject; In great bodies, ſaith he, 
nature had a large and eaſy ſhop to work upon 
* obſequious matter; whereas, in theſe ſo ſmall, 
and as it were no bodies, what footſteps of re- 
© ſon, what power what great perfection is there!“ 
Od chis having given an inſtance or two of the ex- 
8 quiſite ſenſes, and curious make of ſome inſects b, 
he then goes on, We admire, ſaith he, the 1 
« rigerous ſhoulders of elephants, the lofty 
nec ks and creſts of others: but, ſaith he, the 
5 nature : of ad 1 never more | complete than 


2 In magnis baden —— Ec. Plin, Nat Hiſt, L 11. 


. 


d Ubi tot ſenſus collocavit in culice ? Et ſunt alia diftu minora. 
Sed ubi viſum in eo prætendit Ubi guftatum applicavit ? Ubi 
_ « odoratum inſferuit > Ubi vero truculentam illam et portione maxi- 
mam vocem ingeneravit? Qua ſubtilitate pennas adnexuit ? 
« prelongavit pedum crura ? Diſpoſuir jejunam caveam, uti alvum'? 
. Avidam ſanguinis, et potiſſimum humani, ſitim, accendit? Telum 


capaci, cum cerni non poſſit exilitas, ita reciproca geminavit arte, 


teredini ad perforanda robora cum ſono teſte dentes affixit ? Po- 
tiſſimumque e ligno cibatum fecit: ſed turrigeros elephantorum mi- 
ramur humeros, taurorumque colla, et truces in ſublime jactus, 
tigrium rapinas, leonum jubas, cum rerum natura nuſquam mages ; 
am in minimis, tota br,” ro 


G *M- 


vero perfodiendo tergori, quo ſpiculavit ingenio? Atque ut in 


ut fodiendo acuminatum pariter ſorbendoque fiſtuloſum eſſet. Quos 


62 
& jn the leaſt things.” For which reaſon he in- 
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© treats his readers, as I do mine, © that becauſe 
they ſlighted many of the things themſelves 
© which he took notice of, they would not 
therefore diſdainfully condemn his accounts 
of them, fince faith he, in the contemplation 


of nature, nothing — to ſeem ſuperſluous. 


— 


| Tuvs that eminent naturaliſt hath made his 


own, and my excuſe too; the force and verity 
| whereof will farther appear, by what I ſhall fay 
of theſe animals, which (as deſpicable as they 
have been, or perhaps may be thought) we ſhall | 
find as exquiſitely contrived, and curiouſly made 
for that place and ſation they bear i in the world, 
as any other part of the animal world. For if we 
conſider the innumerable variety of their ſpecies, 
the prodigious numbers of individuals, the ſhape 
and make of their little bodies, and every part 
thereof, their motion, their inſtincts, their re- 


gular generation and production; and, to name 


no more, the incomparable beauty and luſtre of 4 
the colours of many of them, what more admi- 

Table. and more manifeſt demonſtration of the 
infinite Creator, than even this little contemned 


branch of the animal world ! But let us take . 
hort view of particulars. 


CHAP. 


P. 
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CHAP. II. 


or THE SHAPE AND STRUCTURE OF INSECTS. 


I LF us . . the Dio and fabeic of 
their bodies : which, although it be ſome- 
what different from that of birds, being particu- 
larly, for the moſt part, not ſo ſharp before, to 
cut and make way through the air, yet is better 
adapted to their manner of life. For, conſider- 
ing that there is little neceſſity of long flights, 
and that the ſtrength and activity of their wings 
doth much ſurpaſs the reſiſtance their bodies 
meet with from the air, there was no great oc- 
caſion their bodies ſhould be ſo ſharpened before. 
But the condition of their food, and the manner 
of gathering it, together with the great neceſ- 
fity of accurate viſion, by that admirable pro- 
viſion made for them by the reticulated cornea of | 
their eyes; theſe things, I ſay, as they required 
2 larger room, ſo were a good occaſion for the 
largeneſs 
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largeneſs of the head, and its amplitude before. 
But for the reſt of their body, all is well made, 
and nicely poiſed for their flight, and every 
'other of their occaſions. 


AnD as their ſhape, fo the fabric and make of 
their bodies is no leſs accurate, admirable, 
and fingular ; nor built throughout with bones, 
and covered with fleſh and ſkin, as in moſt other 
animals; but covered with a curious mail of a 
middle nature i, ſerving both as ſkin and bone 

too, for the ſhape, as well as ſtrength and guard, 

of the body ; and as it were on purpoſe to ſhew, 

that the. great contriver of nature is not bound 
+ up to one way only. 


{8.9 ene 1 non videntur nervos kabere, nec oſſa, nec  ſpinas, 
© nec cartilaginem, nec pinguia, nec carnes, nec cruſtam quidem 
© fragilem, ut quædam marina, nec quæ jure dicatur cutis: ſed 

mediæ cujuſdam inter omnia hxc naturæ corpus, &c. Plin. Nur: 


Hit. J. 11 C. 4. 
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CHAP. m. 


or THE EYES AND ANTENNZ OF INSECTS, 


O this laſt-mentioned guard, we may add 
that farther guard provided in the eyes 
and antennæ. The ſtructure of the eye is, in 
all creatures, an admirable piece of mechaniſm; 
but that obſervable in the eyes of inſects ſo pe- 
culiar, that it muſt needs excite our admiration : : 
fenced with its own hardneſs, yea, even its own 
accurate viſion, is a good guard againſt external ; 
= injuries; ; and its cornea, or carward coat, all 
over beſet with curious, tranſparent, lenticular 
inlets “ 5 enabling thoſe creatures to ſee, no doubt, 


"in very 


* The cornea of flies, waſps, &c. are ſo common an entertain- 
ment with the microſcope, that every body knows it is a curious 
picce of lattice- work. In which this is remarkable, that every fora- 
men is of a lenticular nature; fo that we ſee objects through them 
toptey-turvey, as through ſo many convex glaſſes: yea, they be- 
come a {mall teleſcope, when there is a due focal diſtance between 
them and the lens of the microſcope. 

Vol. II. ta 2 3 Til 
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very accurately every way, without any inter- 


val of time or trouble to move the eye towards 
objects. 


Axp as for the other part, the antennæ, or 
feclers, whatever their uſe may be in cleaning 
the eyes, or other ſuch like uſe; they are, in all 
probability, a good guard to the eyes and head, 
in their walk and flight, enabling them, by the 
ſenſe. of feeling, to diſcover ſuch annoyances, 
which, by their proximity, may perhaps eſcape 
the reach of the eyes and fight l. Beſides which, 

BO: Ed oe they : 


| This leaticular power of the cornea, Poppins, - as 1 imagine, 
the place of the chryſtalline, if not of the vitreous humour too, 
there being neither of thoſe humours that 1 could ever find (al- 
though, for truth's ſake, I confeſs I have not been fo diligent as I 
might in this inquiry ;) but inſtead of humours and tunics, I ima- 
gine that every lens of the cornea hath a diſtinct. branch of the optic 
nerve miniſtering to it, and rendering it as fo many diſtinct eyes. 
So that as moſt animals are binocular, ſpiders, for the moſt part 
 oftonocular, and ſome, (as Mr. Willoughby thought, Raii Hiſt. In- 
ſect. p. 12.) ſenocular ; fo flics, &c. are multocular, having as 
; many eyes as there are perforations in their cornea, By which 
means, as other creatures are obliged to turn their eyes to objects, 
| theſe have ſome or other of their eyes ready placed towards objects, 
nearly all round them: thus particularly it is in the dragon- fly, 
libella, the greateſt part of whoſe head is poſſeſſed by its eyes: 
which is of excellent uſe to that predacious inſect, for the ready 
ſeeing and .! at ſmall flies all round It on which it preys. 


It is manifeſt, that inſects clean their eyes with their fore legs, 
ns well as antennæ. And conſidering, that as they walk along, 
they are perpetually — and ſearching before them, with theic 


feelers, 
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| z i . 2 . 3 | 
they are a curious piece of workmanſhip, and in 
many, a very beautiful picee of m garniture to 
the body. 


feelers, or antennz; therefore I am apt to think, that beſides wiping 
and cleaning the eyes, the uſes here named may be admitted. For 
as their eyes are immoveable, ſo that no time is required for the 
turning their eyes to objects; - ſo there is no neceſſity of the re- 
tina, or optic nerve being brought nigher unto, or ſet farther off 
from the cornea, which would require time, as it is in other ani- 
mals: but their cornea and optic nerve, being always at one and 
+ the ſame diſtance, are fitted only to ſee diſtantial objects, but not 
ſuch as are very nigh : which inconvenience the feelers obviate, leſt 
it ſhould be prejudicial, in ——— the inſect to run its head 2 
— ny thing. | 
And that this, rather than is wiping the eyes, is the chief uſe 
of the feelers, is farther manifeſt from the antennæ of the fleſh- fly, . 
and many other inſects, which are ſhort, and ftrait, and incapable 
of being bent unto, or extended over the eyes: as alſo from others 
7 enormouſly long, ſuch as thoſe of the capricorni, or goat-chafers, 
the cadew-fly, and divers others, both beetles and flies, 15 


m The lamellated antennæ of ſome, the clavellated of others, the 
neatly articulated of others, the feathered and divers other forms of 
others, of the ſcarab, papilionaceous gnat, and other kinds, are ſur- 
priſingly beautiful, when viewed through a microſcope. And in 
ſome, thoſe antennz diſtinguiſh the ſexes: as in the gnat-kind, all 
_ thoſe with tufts, feathers, and bruſh- horns, are males ; ; * wien : 

fngle. ſhafred antennæ, are females. 
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CHAP. IV. 


or THE PARTS AND MOTION OF INSECTS. | 


Fan the head paſs w we to the members, con- 


cerned in their motion. And here we have 


a copious ſubject, if I was minded to expatiate. 
1 might take notice of the admirable mechaniſm 
in thoſe that creep; the curious oars in thoſe 
amphibious inſects that ſwim and walk®; the 


incomparable proviſion made in the feet of ſuch 


as walk, or Jag upon ſmooth ſurfaces o; the 


great 


_ * All the families of hydrocanthari, notonecti, &c. have their 


hindmoſt legs made very nicely, with commodious joints, and briftles 
on each ſide towards the end, ſerving for oars to ſwim ; and then, 


nearer the body, are two ſtiff ſpikes, to enable them to walk, when 
occaſion is. 


* © I might here name divers flies, and other inſects, who, beſides 


their ſharp hooked nails, have alſo ſkinny palms to their feet, to 


enable them to ſtick on glaſs, and other ſmooth bodies, by means of 


the preſſure of the atmoſphere. But becauſe: the example will il- 


luſtrate another work of nature, as well as this, 1 ſhall chuſe a ſingu- 
| | | lar 


f 
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great ſtrength and ſpring in the legs of foch as 


leap? ; the ſtrong and well-made feet and talons 
of ſuch as dig a: and, to name no more, the ad- 


mirable faculty of ſuch as cannot fly, to convey © 


themſelves with ſpeed and ſafety, by the help 
of their webs , or ſome other artifice, to make 


their 


lar piece of meehaniſm, in one of the largeſt ſorts of hydrocanthari. 


Of theſe large ones there are two forts, one largeſt, all black, with 
antennæ handſomely emboſſed at the ends. The cther ſome» 
_ what leſſer, hardly fo black, with capillary antennæ; the forehead, 


edges of the vagina, and two rings on the thorax, of a tawny colour. 


The female hath the vaginz prettily furrowed, the male ſmooth, 


But that which is moſt to our purpoſe in this male, is a flap, or hol- 
lowiſh cap near the middle joint of the fore-legs, which, when clap- 


ped on the ſhoulders of the female in coitu, ſticks firmly thereon, 
after the manner, as I have ſeen boys carry heavy ſtones, with oaly 


a wet piece of leather clapped on the top of the ſtone. 


1 Thus graſhoppers and 1 have n ftrong thighs, with 


long, ſlender, but ſtrong legs, which enable _ to ap with 


grunt -_y and ſtrength, 


41 have wondered to ſee with . great quickneſs, art, and 
ſtrength, many veſpz-ichneumons, wild-bees, and beetles, perforate 


_ the earth, yea, even wood itſelf : but the moſt remarkable anumal 1 uw 
this way, is the mole- cricket, in in book iv. chap. 13. | 


3 
"TM have, with Jeaſure, often ſcen ſpiders dart out their webs, 
and fail away by the help thereof. For the manner of which, ſee 


Mr. Lowthorp's Abridgm. vol. ii. p. 724. from Dr. Liſter and Dr. 


Hulſe, who both claimed the diſcovery thereof. And both do ſeem | 
to have hit thereupon, without any fore-knowledye of what each 
other hath diſcovered, as is ſaid in the laſt cited place, and as [ 
more particularly find by Mr. Ray's Philoſo. Letters, printed Anno 
1718, p. 95, &c. By which alſo J find, the two ingenious doctors 
were very modeſt in their claims, and very amicable in the matter. 


In one of Dr. Liſter's to Mr. Ray, he thinks there | is fair hint of 
E 3 the 


\ 
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their bodies lighter than the airs; theſe, ey 4 
multitude of other ſuch things as theſe, I might, 


1 ſay, 


the darting of ſpiders in Ariſtot. Hiſt. An. 1. 9. ©. 39. And in 
Pliny, I. 11. c. 24. But for their failing, that, the ancients are 
filent of, and he thinks it was firſt ſeen by him. And in another 
letter, Jan. 20. 1670, ſpeaking of the height ſpiders are able to fly, 
he ſaith, © The laſt October, &c. I took notice that the air was very 
full of webs. I forthwith moupted to the top of the higheſt ſteeple | 
© on the Minſter, (in York,) and could thence diſcern them yet ex- 
Dy ceeding high above me. Some that fell, aud were entangled upon 
© the pinnacles, I took, and found them to be lupi ; which kind ſel- 


© dom or never enter houſes, and cannot be on nad to have taken 
c 3 flight from the ſteeple.” 


«T here are, 1 imagine, divers animals, as well as ſpiders, that 
have ſome way of conveyance, as little known to us, as that of ſpi- 
ders formerly was. Thus the ſquillulæ, pulices arboreſcentes, and 
microſcopical animalcules of the ſtagnating waters, ſo numerous in 
© them, as to diſcolour ſometimes the waters, and make them look 
as if they were tinged red, yellow, or green, or coyered with a 
thick green ſcum ; all which is nothing but animalcules of that 
colour. That theſe creatures have ſome way of conveyance, I con- 
clude, becauſe moſt ſtagnating waters are ſtocked with them, new 

pits and ponds, yea, holes and gutters on the tops of houſes and 
ſteeples. That they are not bred there by equivocal generation, every 
| ingenious, conſidering philoſopher will grant ; that they have not legs 
for travelling fo far, is manifeſt from inſpeCtion : and therefore I 
am apt to think, that they have ſome faculty of inflating their bodies, 
or darting out webs, and making their bodies buoyant, and lighter 
than air; or their bodies, when dry, may be lighter than air, and 
-- they can ſwim from place to place ; or the eggs of ſuch as are 
oviparous, may be light enough to float in the air. But then the 
viviparous (as my late ingenious friend, Mr. Charles King, ſhewed 
me the pulices aquatices arboreſcentes are; theſe, I ſay,) cannot be 
this way accounted for. The cauſe of thefe latter ſuſpicions was, 
that in the ſummer months, I have ſeen the pulices arboreſcentes, 
and 
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1 fay, take notice of, as great evidences of the 
infinite Creator's wiſdom ; but leſt I ſhould be 
too tedious, I will confine my obſervations to 
the legs and wings only. And theſe, at firſt 
view, we find to he incomparably fitted up for 
their intended ſervice, not to overload the body, 
nor in the leaſt to retard it; but to give it the 
moſt proper and convenient motion. What, for 
example, can be better contrived, and made for 


ſtrengthened by the fineſt bones, and theſe 
covered with the fineſt and lighteſt membranes, 
ſome of them adorned with neat and beiuti- 
tul feathers :; ; and many of them provided with 
the fineſt articulations, and foldings, for the 
wings to be withdrawn, and neatly laid up in 
their vaginæ, and caſes, and again readily ex- 
tended for flight? 5 OY 
AND 


and the green ſeum on the waters, a but animalcules, as I 
aid, lie in a manner dry on the ſurface of the waters; at which 
time, as I have ſhewn in book iv. chap. 11. thoſe animalcules co- 
pulate ; and, perhaps, they may, at the fame time, change their 
quarters, and ſeek out new babitations for their numerous . 
as well as themſelves. 


© It is well known ta all perſons any way converſant | in e 
pical obſervations, that theſe elegant colours of moths, and butter- 
flies, are owing to neat and well- made feathers, ſet with great cu- 
rioſity and exactneſs in rows, and good order. 


All that have elytra, ſcarabs, (who have whole elytra, or 
rng to the podex, or the HRM fuch as 1 and 
E 4 ſtaphilini 


this ſervice than the wings! Diſtended and 
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Axp then for the poifing of the body, and 
keeping it upright, and ſteady in flight, it is an 
admirable artifice and proviſion for this purpoſe ; 
in ſome, by four wings“; and 1n ſuch as have 
but two, by pointels, and poiſes placed under 
the * on each ſide of the body. 


AnD laſtly, it is an amazing thing to reflect 
upon the 3 minuteneſs, art, and cu- 
„ 


ſtaphilini of all ſorts ,) do, by a very curious mechaniſm, extend and 
withdraw their membranaceous wings, wherewith they chiefly fly ; 
and it is very pretty to ſee. them prepare themſelves for flight, by 
thruſtiog out, and unfolding their wings, and again withdraw thoſe 
joints, and neatly fold in the membranes, to be laid up ſafely in 
their elytra or caſes. For which ſervice the bones are well placed, 
and the joints miniſtring thereunto are accurately contrived, for the 
| moſt 3 and ene folding vp che wings. 5 


D. For the keeping the body ſteady and upright i in flight, it gene- 
rally holds true, if I miſtake not, that all the bipennated inſets have 
poiſes joined to the body, under the hinder part of their wings: but 
| ſuch as have four wings, or wings with elytra, none. If one of 
the poiſes, or one of the leſſer auxiliary wings be cut off, the inſect 
will fly as if one fide over-balanced the other, until it falleth on 
the ground; fo if both be cut off they will fly aukw ardly, and un- 
ſteadily, manifeſting the defect of ſome very neceſſary part. Theſe 
poiſes, or pointels, are, for the moſt part, little balls, ſet at the 
top of a ſender ftalk, which they can move every way at pleaſure. 
In ſome they ſtand alone, i in others, as in the whole fleſh-fly tribe, 
they have little covers or ſhields, under which they lie and move. 
The uſe, no doubt, of theſe poiſes, and ſecondary leſſer wings, is to 
poiſe the body, and to obviate all the vacillations thereof in flight; 


ſerving to the inſect, as the long pow, laden at the ends wa lead, 
-doth the nnn. 
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riofity of the joints , the muſcles, the tendons, 
the nerves, neceſſary to perform all the motions 
of the legs, the wings, and every other part. 
1 have already mentioned this in the larger 
animals; but to conſider, that all thoſe things 
concur in minute animals; even in the ſmal- 
leſt mite; yea, the animalcules, that, without 
good microſcopes, eſcape our ſight; to con- 
ſider, I ſay, that thoſe minuteſt animals have all 
the joints, bones, muſcles, tendons, and nerves, 
neceſſary to that briſk and ſwift motion that 
many of them have, is ſo ſtupenduous a piece of 
curious art *, as plainly manifeſteth the power 


9 


» As all the parts of animals are moved by the help of theſe; 


To there | is no doubt but the minuteſt animals have ſuch like parts; 


: but the muſcles and tendons of ſome of the larger nſeQs, and ſome 
5 « the leſſer teo, may be ſeen with a microſcope. „ 


x The minute i and inimitable fineries, obſervable in 
thoſe lefſer animals, in which our beſt microſcopes diſcover no botch, 
no rude ill- made work, contrary to what is in all artificial works of 


man, do they not far more deſerve our admiration, than thoſe ce- 


loebrated pieces of human art? Such as the cup made of a pepper- 
corn, by Oſwald Nerlinger, that held twelve hundred ivory cups, 
all gilt on the edges, ard having each of them a foot, and yet af- 
| fording room for four hundred more, in the Ephem. Germ. T. 1. 
Addend. ad obſ. 13. Such alſo was Phæton 1 in a ring, which Galen 
thus reflects upon, when he ſpeaks of the art and wiſdoq of the 
Maker of animals, particularly ſuch as are ſmall: © Quanto,” ſaith 
be, © ipſum minus fuerit, tanto majorem admirationem tibi exci- 
I "Wk; . ooo declarant opifices cum in corporibus parvis aliquid 
751 | in- 


and wiſdom of the infinite contriver of thoſe 


minute animals, why ſhould I mention only any 
one part of their bodies, when we have, in that 


THE PARTS AND 


inimitable fineries. But having named thoſe 


little compaſs, a whole and complete body, as 


exquiſitely formed, and, as far as our ſcrutiny 
can poſſibly reach, as neatly adorned, as the 
largeſt animal ! Let us conſider, that there we 
have eyes, a brain, a mouth, a ſtomach, en- 
trails, and every other part of an animal body, 
as well as legs and feet ; and that all thoſe parts 
have each af them their neceſſary apparatus 
of nerves, cf various muſcles, and every other 


part that other inſects have; and that all is 


covered and guarded with a well- made tegu- 
ment, beſet with briſtles, adorned with neat 
imbrications, and many other finer ies. And laſt- 
ly, let us conſider i in how little compaſs all art 
and curiofity may lie, even in a body many 


* inſculpant : cujus generis eſt quod nuper quidem in annulo 
© Phztonta quatuor &equis mvectum ſculpſit. Omnes enim equi 
« frenum, os, et dentes anteriores habebant, &c. And then hav- 


ing taken notice, that the legs were no bigger than thoſe of a m_ 
he ſhews that their make did not come up to thoſe of the gnat ; 
wy ſaith he, * Major adhuc alia quædam eſſe videtur artis ejus, 


qui pulicem condidit. vis atque ſapientia, quod, &c. Cum igitur 
ars tanta in tam abjectis animalibus appareat, —quantam ejus vim 
« ac ſapientiam in præſtantioribus inefſe putabimus ?? Galen, de 


uſu Part. I. 17. c. 1. fin. 


. 
a” 
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times leſs than a ſmall grain of ſand y; ſo that 

the leaſt drop of water can contain many of 
them, and afford them alſo ſufficient room to 
dance and friſk about 1n*, 


Havins ſurveyed as many of the parts 
of inſects as I care to take notice only of; 
I ſhall, in the next place, fay ſomewhat of 

their ſtate, and circumſtances of life. And 
here I fhall take notice only of two things, 

which have been only hinted at before; but 
will deſerve more particular confideration here, 
as * acts of a wonderful inſtin& ; nqme- 
, their ſecurity of themſelves againſt win- 
» and their ein care of Preſerving their | 
"om: | 
y It will in ſome meaſare appear, how wonderfully ſome minute 
microſcopical animalcules are, by what follows in the next note. 
But becauſe more particular examples would be endlefs, I all re- 


fer to the obſervations of Mr. Lewenhoeck, and others, i in the Phi- 
loſ, Tranſ. and elſewhere. 


2 It 3 almoſt impoſſible, by reaſon of their perpetual motion, 
and changing places, to count the number of the animalcules, in 
only a drop of the green ſcum upon water; but I gueſs I have ſome- 
| times ſeen not fewer than one hundred friſking about in a drop no 
| bigger than a pin's head. Bur in ſuch a drop of pepper-water, A 
far greater number ; theſe being much leſs than thoſe. 
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THE | SAGACITY OF INSECTS To SECURE THEM» | 
SELVES AGAINST WINTER. 


TT is an extraordinary act of inſtinct and 
ſagacity, obſervable in the generality of the 


- inſe@ribe; that they all take care to ſecure 
themſelves, and provide againſt the neceſſities 
of winter: that when the diſtreſſes of cold and 


wet force them, they ſhould retire to warm and 
dry places of ſafety, is not ſtrange; but it is 2 
prodigious act of the infinite Conſervator' 8 care, 


to enable ſome to live 1 in a different kind of 1 in- 


ſect- ſtate; others to live, as without action, ſo 
without food; ; and others that act and eat, to lay 


up in ſummer. ſufficient proviſions. againſt the 


approaching winter. Some, I ſay, live in a dif- 


ferent ſtate; for having ſufficiently fed, nouriſn- 


ed, and bred up themſelves to the perfection 


. of their vermicular nympha:ſtate, in the ſummer- 


months, 
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months, they then retire to places of ſafety, 
and there throw off their nympha, and put on 
their aurelia, or chryſalis-ſtate, for all the winter, 
in which there are no occaſions for food. This 

is the conſtant method of many families of the 
| inſeck⸗ tribe i a 


Bur there are others, and ſome of them in 
their moſt perfect ſtate too, that are able to 
ſubſiſt in a kind of torpitude, or ſleeping 
ſtate, without any food at all; by reaſon, as 


- -- there 13 no- action, ſo no waſte of body, no 


expence of ſpirits, and therefore no * of 


food. 5 
Bur 


* It would be nie to enter into particulars here, becauſe al! 


the papilionaceous, fleſh and ichneumon-fly tribes, and all others 


that undergo the nympha and aurelia-ſtate, between that of the egg 
and the mature · ſtate, which are very numerous, appertain to this 
note. For a ſample thereof only, I ſhall take what ſome may think 

a mean one, but if conſidered, deſerves our admiration, and that is, 


the ſagacity of the white-butter-fly caterpillar, which having fed it- 


ſelf its due time, then retires to places of ſecurity. I have ſeen great 


"© trains of them creeping up the walls and poſts of the next houſes, 


where, with the help of ſome cob-webs, like filaments, they hang 
| themſelves to the cielings, and other commodious places, and then 
become aureliæ; in which ſtate and places they hang ſecure from 
the wet and cold, till the ſpring, and warmer months, when they are 
tranſmuted into butter-flies. 


»I ſhall not name any of the particular ſpecies of inſets which 
live in this ſtate, becauſe they are very numerous, but only remark 
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Bur for others that move and act, and ad 
food, it is a prodigious inſtinct and foreſight the 


Creator hath imprinted on them, to lay up ſuffi- 
cient food in ſummer for the winter's © neceſſities | 
and occaſions. And it is very pretty to ſee 


with what unwearied diligence all hands are at 


. two things obſervable in their fogacity in this matter : 1 That PER 
are not driven by ftreſs of weathef to their retirement, but ſeem as 


naturally to betake themſelves thereto, as other animals do to reſtand 


ſleep. For before the approach of cold weather, towards the end of 
| ſummer, we may ſee ſome kinds of them flocking together, in great 


numbers, within doors, as ſwallows do a little before "my leave us, 
as if they were making ready for their winter's reſt. 2. That every 
ſpecies betakes itſelf to a proper convenient ——— ſome under 


5 the waters, to the bottom of ponds ; ſome under the earth, below _ 
the froſt; ſome under timber, ſtone, &c. lying on the ground; 55 


ſome into hollow trees, or under the bark, or in the wood; ſome into ; 


1 warih and ned * and ſome i into dry alone. 


: © There are not many kinds that FUR provide their food before- 


hand. The moſt remarkable, are the ant and the bee; concerning 


the firſt of which, Origen hath this remark, viz. De ſolertia for- 
© micarum, venturz hyemi mature profpicientium, ſibique invicem 


© ſub onere feſſis ſuccurrentium ; quodque fruges arroſas condunt, 


ne rurfus enaſcantur, ſed per annum alimento fint, non ratiocina- 
tionem formicarum in cauſa debemus credere, ſed almam matrem 
naturam bruta quoque fic ornantem, ut etiam minimis addat ſua 


1 quzdam 1 mg "_"—_ cont. Cell. . * 


But as * hh "Oy bumble-bees, and other wild-bees, 


veſpz-ichneumons, and divers others that carry in materials for 
neſts and food; this is only for the ſervice of their generation, for 


hatching their eggs, and nouriſhing their young, not ſor ſupplies in 


winter; for they all forſake their neſts towards winter; and retire 
to other quarters, living, I conceive, without focd all that time. 


- - 


15 — — — — — 


work for that purpoſe, all the warmer months. 


inſtance in the ant, calling that little animal 


© harveſt,” I Or IN Y 


anticipate, and ſubjoin an obſervation of the 


tionem, omittant: quem in finem fere ſemper eoſdem ore circumpor- 


adſervabam: ibi non fine jucunditate ſpectabam, quo terra fieret in 

ſuperficie ficcior, eo profundius formicas cum fætibus ſuis prorepere: 

quanta ſolici: zudine, quanta £79295 OMnem in eo collocarent operam, 
ut 
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Of this the Holy Scripture itſelf gives us an 


© exceeding, wiſe, Prov. xxx. 24 And the 
reaſon is, ver. 28. The ants are a people not 
2 ſtrong, yet they prepare their meat in ſum- 
© mer.” And therefore Solomon ſends the ſlug- 
gard to this little contemptible creature, to learn 
wiſdom, 2 care, and diligence, Prov. 
Vi. 6, 7, 8. Go to the ant, thou ſluggard, con- 
© fider her ways, and be wiſe: which having no 
© * guide, overſeer, or ruler, provideth her meat 
in the ſummer, and gathercth her food in the 


'To this ſcriptural example, give me leave to 


farther great wiſdom of this little creature; and 
that is their unparalleled z-y", their tenderneſs, 
ſagacity, and diligence, about their young . 
SE Hos vermiculos [formicarum « ova cules. ems? incredibili 

2  Eropyiet cura formicz educant, ſummamque dant operam, ne vel tan Z 
_ © tillum, quod ſpecter corum vermiculorum educationem atque nutri- 
tant ſecum, ne ulla eos lædat injuria. In muſeo meo nonnullas iſtius 


generis formicas, vitro terra repleto, concluſas cum vermiculis iſtis 


cum vero aquam adfunderem, viſu mir ificum erat, quanto effectu, 
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Tei 18 very diverting, as well. as admirable to ſee, 
with what affection and care they carry about 


their young in their mouths, how they expoſe 


themſelves to the greateſt dangers, rather than 
leave their young expoſed or forſaken; how 
they remove them from place to place in their 
little hills, ſometimes to this part, ſometimes 
to that, for the benefit of convenient warmth, 
and proper moiſture; and then again withdraw, 
and guard them againſt rain and cold. Now, 
that this great wiſdom which the Scriptures at- 


tri- 


© ut foetus ſuos ſicciore et tuto loco reponerent. Sæpius vidi, cum 
aliquot diebus aqua caruiſſent, atque cum affuſo tantillo aquæ 
teram illum humeCtarem, e veſtigio a formicis fœtus ſuos eo loci 


« fuiſſe allatos, quos ibi diſtincte conſpiciebam moveri atque ſu gere 


© humorem. Multoties fui conatus, ut eos vermiaulos ipſe educa- 
© rem, at ſemper conatum fefellit eventus : neque ipſas formicarum 
© nymphas alimenti jam non indigas unquam fine ipfis formicis po- 
tui potu artificiali excludere.” J. Swammerd, Epilog. ad Hiſt. 
Inſect. p. 153. : Eon 9 


by 
30 
* 


/ 


Sir Edward King, who was very curious in examining the gene- 


ration of ants, obſerves their great care and diligence, 1. About 


their ſperm, or true eggs, which is a fine white ſubſtance, like 
ſugar, which they dilligently gather into a heap, when ſcattered, and | 


on which they lie in multitudes, I ſuppoſe, by way of incubation. 
2. I have obſerved, faith he, in ſummer, that in the morning they 


bring up thoſe of their young, called ant eggs, towards the top of the 


bank; ſo that you may, from 10 in the morning, until 5 or 6 in the 
_ afternoon, find them near the top—for the moſt part on the ſouth- 


ſide the bank. But towards 7 or 8 at night, if it be cool, or likely 
to rain, you may dig a foot deep before you can find them. Phil. 
Tranſ. Ne 23. or Mr. aum $ Abrigment volume 2. Page 7, 
and 9. 


The 
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tribute unto, and is diſcernible in this little ani- 
mal, is owing only to the inſtinct, or infuſions 
of the great Conſervator of the world, is evi- 
dent, becauſe either this wiſdom, thought, and 


forecaſt, is an act of the animal itſelf, or of 


ſome other being that hath wiſdom. But the 
animal being irrational, it is impoſſible it can 
be its own act, but muſt be derived, or re- 
ceived from ſome wiſe being. And who? 
| What can that be, but the infinite Lord, conſer- 
vator, and governor of the world! 
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ently exploded by all learaed philoſophers, that I ſhall not enter the 5 
diſpute, but take it for granted, that all animals ſpring from 
other parent-animals. If the reader hath any doubt about it, I refer 


CHAP. VI 


or THE CARE OF ISSECTS ABOUT THEIR YOUNG. 


HE other notable inſtinet I am to treat of, 
is the peculiar art and care of the inſect- 
tribe, about the- preſervation of their ſpecies. 
Here 1 might ſpeak of 1 many things, but I have 
occaſionally mentioned divers of them before, 
under ſome or other of the general heads, and 
therefore ſhall fix only upon two things relating 


tion © of their young, which have not been fo 
particularly een to as they deſerve. 


The doctrine of aequivocal generation, is at this day ſo ſuffici- 
him to Seigneur Redi de Gen. Inſect. and Mr. Ray's Wiſdom of 
God, &c. p. 344. Sce alſo before, book iv. chap, 15. 


2. a ONE 
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OA thing is ; their e e for 
their young, in making or finding out ſuch 
proper receptacles and places for their eggs and 
ſeed, as that they may receive the advantage of 
a ſufficiept incubation, and that the young when 
produced, may have the benefit of propes and 
ſufficient food for their nurture and education, 
till they are able to ſhift for themſelves. It is 
admirable to fee with what diligence and care 
the ſeveral ſpecies of inſects lay up their eggs, 

or ſperm, in their ſeveral proper places; not all 

in the waters, in wood, or a, cnn but thoſe 

whoſe ſubſiſtence is in the waters f, in the wa- 
ter; thoſe to whom fleſh is a proper food, in. 
| fleſh 8; ; thoſe to whom the fruits or leaves of 


A 


It would be endleſs to ſpecify the various ſpecies of inſets, that 
have their generation in the waters; and therefore I ſhall only obſerve. 
of them, 1. That their eggs are always laid up with great care, and 
in good order. And alſo, 2. Where proper and ſufficient food is. 
3. That in their nympha-ſtate in the waters, they have parts proper 
for food and motion; and in many, or moſt of them, very different 
from what they have in their mature ſtate; a mandfeſt * of. 
the C reator's welder and providence, 


8 uni Redi mus one of the firſt that made it his buſineſs to 


diſcard anomalous generation, fo he tried more experiments relating 


to the vermination of ſerpents, fleſh, fiſh, putrified vegetables; and 
in ſhort, whatever was commonly known to be the nurſery of mag- 
gots, more, I ſay, probably, than any one hath done fince. And in 
all his obſervations, he conſtantly found the maggots to turn to 
aurelize, and theſe into flies. But then, ſaith * 8 : Dovitare cœpi 
. 5 2 | 9 5 autrum 


* 


g 4 * — 8 - 
—— — — 2 — 
* * 2 — — 
of aj» 


. © utrum omne hoc vermiun in carne genus, ex blo muſcarum 


confirmabar in hoc meo dubio, quanto in omnibus generationibus 


ws — — -— 
— . 


— 
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© ſemine, an ex ipſis putrefactis carnibus oriretur, tantoque magis, 


© ſæpius videram, in carnibus, antequam verminare inciperent; 


© reſedifſe ejuſdem ſpeciei muſcas, cujus propago poſtea naſcebatur.” 


Upon this he tells us, he put fiſh, fleſh, &c. into pots, which he 


covered cloſe from the flies with paper, aud afterwards, for the free 


air-ſake, with lawn, whilſt other pots were left open, with fuch 
like fleſh, &c. in them; that the flies were very eager to get into 


the covered pots; and that they produced not one ' Maggot, when the 
| * ones had many, Fr. Redi de Gener. Inſcct. 


Among the inſets that come from the . he mentions, he 


names culices. Now, from the moſt critical obſervations I have 
made, I never obſerved any fort of gnat to come from putriſied fleſh, 


vegetables, or any other thing he taxeth them with. So that either 
he means by culex, ſome fly that we call not by the name of gnat ; 


or elſe their gnats in Italy vary in their generation from ours in Eng- 
land. For among above thirty, near forty, diftinft ſpecies of gnats 
that I have obſerved about the place whereT live, I never found any 
to lay their eggs in fleſh, fiſh, &c. but the largeſt fort, called, by 


Aldrovand, culices maximi, by Swammerdam, tipulæ terreſtres; 


lay their eggs in meadows, &c. under the graſs; one of the larger 
middle ſert, in dead beer, yeaſt, &c. lying on the tops, or in the 


leaks of bear-barrels, &c. and all the reſt, as far a as ever I have ob- 


. ſerved, lay and harch 1 in the waters. 


Tue . of the 5 of än f the 
foregoing inſtances, and a little our of the way, may deſerve a place 
here. This gnat lays its eggs commonly in dead beer, &c. as I ſaid, 


and probably in vinegar, and other ſuch liquors. Some time atter 


- which, the maggats are ſo numerous, that the whole liquor ſtirreth 
as if it was alive; being full of maggots, ſome larger, ſome ſmaller ; 


the larger are the offspring of our gnat, the ſmaller, of a ſmall dark | 
coloured fly, tending to reddiſh, frequent in cellars, and ſuch ob- 


ſecure places. All thoſe maggots turn to aureliz, the larger of 
which, of a tan-colour, turn toour gnat. This gnat is of the un- 
àmed kind, having no ſpear in its mouth: its head is larger than that 


of the common guats, a longer neck; thort-jointed antennæ, ſpotted 
wings, 
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yegetables are food, are e repoſited, . 


wings, reaching beyond its gender alvus; it is ; throughout of a 
| brown colour, tending to red, eſpecially in the female: the chief 
difference between the male and female is, as in other gnats, yea, 

moſt inſets, the male is leſs than the female, and hath a ſlender 
. and its podex not o ſharp as the female s is, 


7 
* | 


8 The infe&s that infeſt frees, are either of the ichneumon-fly 
kind, or phalznz. Plumbs, peaſe, nuts, &c. produce ſome other 
ichneumon- fly. That generated in the plumb is black, of a mid- 


dle fize, its body near three tenths of an inch long, its tail not much = 


leſs, conſiſting of three briftles, wherewith it conveys its eggs into 
| fruits: its antennz, or horns, long, ſlender, recurved; its belly 
longiſh, tapering, ſmall towards the thorax ; legs reddiſh ; wings 
membranaceous, thin, and tranſparent, in Numb. 4. which is one 
charaCteriſtic of the ra fly. 


The peaſe ichneumon-fly is very ſinall, wings large, reacking 

| beyond the podex; antennæ long; alvus ſhort, ſhaped like an heart, 
with the point towards the anus; it walketh and flieth flowly : no 
tail appears as in the former; but they have one lieth hidden under 
the belly, which they can at pleaſure bend back to pierce peaſe when 
they are young and tender, and other things alſo, as I have reaſon 
to ſuſpect, having met with chis, as indeed the former two, in divers 
W N : 


Pears and woke I could 1 never diſcover any thing t to „nit in, , but | 
: only the leſſer phalzna, about four tenths of an inch leng, whitiſh 
underneath, greyiſh- brown above, dappled with brown ſpots, in- 


dlining to a dirty red, all but about a third part at the end of the 


wings, which is not grey, but brown, elegantly ſtriped with wavey 
lines, of a gold colour, as if gilt; its head is ſmall, with a tuft of 
whitiſh brown in the forehead ; antennæ ſmooch, moderately long. 
The avrclia of ths moth is ſmall, of a yellowiſh brown. I know 
not what time they require for their generation out of boxes ; but 


thoſe I laid up in Auguſt, did not decoms moths before June fol- 
Towing, | 
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ſome in this fruit, ſome on this tree i ſome on 
that plant*, ſome on another, and another; but 
conſtantly the ſame family on the ſame tree or 
plant, the moſt agreeable to that family. And 
as for others that require a conſtant and greater 1 
degree of warmth, they are accordingly pro- 
vided by the parent- animal with ſome place in 
or about the body of other animals; ſome i in the 
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6 There are many of the phalanz, and ichneumon-fly tribes, t& at 
have their generation on the leaves, or other parts of trees and 


| ſhrubs, too many to be here reckoned up. The oak hath many very 
beautiful phalznz, bred in its convolved leaves, white, green, 
yellow, brown, ſpotted prettily, and neatly dappled, and many more 


beſides ; and its buds afford a place for cafes, and balls of various 


ſorts, as ſhall be ſhewn hereafter ; its leaves expanded, miniſter to 
the germination of globular, and other ſpheroidical balls, and flat 


thecæ, ſome like hats, ſome like buttons excavated in the middle ; 


and divers other ſuch like repoſitories, all belonging to the ichneu- 
mon- fly kind. And not only the oak, but the maple alſo, the g 
white - thorn, the brier, privet, and indeed almoſt every tree and 


ſhrub. 


* And as trees and ſhrubs, ſo plants have their peculiar inſe&, 
The white butterfly lays its voracious offspring on cabbage-leaves ; 
a very beautiful reddiſh ocellated one; its no leſs voracious black 


offspring, of an Horrid aſpect, on the leaves of nettles ; as alſo doth 
a very beautiful, ſmall greeniſh ichneumon-fly, in cafes on the 
leaves of the ſame plant: and to name no more, becauſe it would : 
be endleſs, the beautiful ragwort-moth, whoſe upper wings are 


brown, elegantly ſpotted with red, and under wings edged with, 


brown; theſe, I ſay, provide for their polden-ringed erucz upon 


the ragwort-plant. 


feathers 


$5 4 
* % 
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i feathers of birds 1; ſome in the hair of beaſts a; + 
ſome in the very ſcales of fiſhes a; ſome i in the = 
noſe ; ; 


1 . oF not moſt forts of birds, are infeſted with a atis . 
kind of lice, very different from one another in ſhape, fize, Ke. 

For W and deſcriptions of them, I ſhall refer to Signeur Redi 
of Inſects. See alſo Mouffet, I. 2. c. 23. Theſe lice lay their nits 
among the 3 of the reſpeclive birds, where they are hatched 
and nouriſhed ; and, as Ariſtotle faith, would deſtroy the birds, par- 

5 ricularly pheaſanes, if they did not duſt their feathers. Loco infra - 


citat. | 


Las Arnd a as ; Mints ſo the fereral forts of beaſts Wat gn 
forts of lice ; all diſtin from the two ſorts infeſting man: only the 
aſs, they "TY is free, becauſe our Saviour rode vpon one, as ſome 
think ; but I preſume it is rather from the paſſage in Pliny, I. 11. 
= c. 33. or rather Ariſt. Hiſt. Animal 1. 3. e. 31. who ſaith, © Quibus 

pilus eſt, non careat eodem [pediculo] excepto afino, qui nan 
1 pediculo tantum, verum etiam redivio immunis eft.” And a 2 
: before, ſpeaking of thoſe in men, he fhews what conſtitutions are 
moſt ſubje& to them, and iaſtanceth in Alcwan the poet, and 
Pherecydes Syrius, that died of the pthiriaſis, or lowſy diſcaſe. For 
which foul diflemper, if medicines are defired, Mouffet de Inſcct. 

p. 262. may be conſulted; who, in the ſame page, hath this obſer- 

vation, Animad verterunt noſtrates—ubi Aſores inſulas a tergo re- 

; liquerint, pediculos coufeſtim omues tabeſcere: atque ubi eos 

reviſerint, iterum innumeros alios ſubito oriri.” Which obſerva- 
tion is confirmed by Dr. Stubs, Vide Lowth. Abridgm. vol. 3. 
p. s ” And many ſeamen have told me the fame. 


* F iſhes, one ak think, ſhould be free from lies, by reaſon 
they live in the waters, and are perpetually moving in, and bruſhing 
| through them; but yet they have their ſorts too. 


| Befides which, I have frequently found great numbers of long 
lender w worms in the ſtomach, and other parts of fich, N 
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codfiſh, eſpeially ſuch as are poor 3 «hich worms have worked 
themſelves deeply into the coats and fleſh, ſo that they could not | 
| eaſily be gotten out: ſo Ariſtorle ſaith of ſome fiſhes, * Ballero et 
© tilloni lumbricus innaſcitur, qui debilitat, &c. Chalcis vitio in- 
feſtatur diro, ut pediculi ſub wendy Loney quam multi interi- 
mant.“ Hiſt. An. . 8. e. 20. 


ſheep are remarkable, I have myſelf taken out not fewer at a time 

than twenty or thirty rough maggots, lying among the laminz of the 
noſtrils. But I could never hach any of them, and ſo know not 
what animal they proceed from: hut I haye no great doubt, they 


for conveying their eggs into deer places. 


the inteſtinum rectum of horſes, firmly adhering thereto, that the 
hard dung did not rub off. I never could bring them to perfection, 
but RR the bde fly . from i == 


; gots generated, which in Eſſex we call wornills ; which are firſt only 
a ſmall knot in the ſkin; and, I ſuppoſe, no other than an egg laid 
there by ſome inſect. By degrees theſe knots grow bigger, and con- 
tain in them a maggot lying in a purulent matter: they grow to be 
as large as the end of one's finger, and may be ſqueeed out at a hole 
. they have always open: they are round and rough, and of a dirty 
white, With my utmoſt endeavour and vigilance, I could never 


ſo may be the ſame as thoſe in the note before. 


noſe ” ; fore i in the fleſh 3 yea, ſome | in che very 
| bowels, | 


© Of inſects bred i in | the noſe of SER thoſe i in as noſtrils of 


are of the ichneumon-fly kind ; and not improbably of that with 2 
to tail, called triſeta, whoſe three briſtles ſeem r commodious 


8 have alſo ſeen a rough whitiſh maggot, above two inches wickin 


» In the backs of « cows, in the ſummer months, there are mag- 


diſcover the animal they turn into ; but as they are ſomewhat like, 


In Perſia, there are very lang ſlender worms, bred i in a the d 
other * men's bodies, U 6 or 7 yards lon 5 "DE | 


—— In 
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In Philoſophical Tranſactions, Mr. Dent, and Mr. Lavils. * 


N dirers examples of worms taken out of the tongue, gums, noſe, and 
other parts, by a woman at Leiceſter, which they were eye - witneſſes 
of. Theſe and divers others mentioned in the Tranſactions, may 


de ſeen — in Mr Lowthorp's ' Abridgm. vol. 3. N 132. | 


« Narrat ** vir fide china P. — in Polonia, 


« puero cuidam ruſtico duorum annorum, vermiculum album e 


« palpebra extraxifle, —magnitudinis Erucz.—Similem fere huic 


* caſum mihi [Schulzio] et D. Segero narravit hoc, Anno 1676, 

© chirurgus noſter Ant. Statlender, qui cuidam puero, ex aure, ex- 
© traxit vermiculum talem, qualis in nucibus avellanis perforatis 

© [atitare ſolet, ſed paulo majorem, coloris albiſſimi; alteri minores 

© ; ejuſdem generis ſimiliter ex aure : omnes aliquot horas ſuper- 


« vixerunt—vermiculos adhuc viventes oculis noſtris vidimus.' 


Ephem. Germ. T. 2. obf. 2435 ubi vermiculi Icon. Many other 
8 may be met with in the ſame 2 Obſ. 1475 148, 8 


de. worms in deer are mentioned les among ancient writers. 


Arittotle faith, ExwAnxac Gir r ER iy ao, iy Tn x5Paky Oh ag, 
1 They [deer] all have hive worms in their heads, bred under the - 


tongue, in a cavity near the vertebra on which the head 1 is placed; 


their ſize not leſs than that of the largeſt maggots; they are bred 


« altogether, in number about twenty þ Ariſtotle? $ Hiſt. of Ani- 
mal. I. 4. e. 15. 


To theſe examples may beadded the generation of the ichneumon 
fly in the bodies of caterpillars, and other nymphz of inſects. In 
many of which, that J have laid up to be hatched in boxes, inſtead 
of papilios, &c. as I expected, I have found a great number of 
ſmall ichneumon· flies, whoſe parent animal had wounded thoſe 
nymphæ, and darted its eggs into them, and ſo made them the 
foſter· mother of its young. More particulars of this way of gene- 
ration may be ſeen in the great Mr. Willoughby's obſervations in 


Philoſ. Tranſ. No 56. But concerning the farthey generation of this 


inſect, I have taken notice of other | nk in other places of 
ole notes. _ 
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bowels a, and inmoſt receſſes of the bodies of 


three ſorts of worms called lati, teretes, and aſcarides; concerning 


only ſelect a few related by perſons of the beſt credit. And firſt of 
judgment will hardly be queſtioned, gives an account of true cater- 
pillars, vomited up by a boy of nine years old: and another odd ani- 


hexapods lived and fed for ave a See Lowth. ib. P- 135. 


of great repute, of Catharina Geileria, that died in Feb. 1662. in 
the hoſpital of Altenburg, in Germany, who, for twenty years, | 
voided by vomit and ſtool, toads and lizards, &, Ephemer. 


bred in the ſtomach, and vomited up; of whelps alſo, and other | 
animals, bred in like manner. But I fear a ſtretch of fancy might 

| help in ſome of thoſe laſt inſtances, in thoſe days when ſpontaneous 
flightly examined ſuch appearances than now they do. But for the 

| breeding of frogs or toads, or lacertz aquaticæ, in the ſtomach, 
when their ſpawn happeneth to be drank, there is a ſtory i in the 


_ © the year 1667, a butcher's man going to buy ſome lambs in the 


a while after, cauſed great pains in his ſtomach, which grew worſe 


* 


man 


* The animals ordinary bred in the ſtomach and guts, are the : 
which, it would be irkſome to ſpeak in particular, and therefore [ i 
ſhall refer to Mouffer, lib. 2. cap. 31, 32, 33. Dr. Tyſon' $ anatomy 
of them in Mr. Lowthorp's Abrigment vol. 3. p. 121 Seigneur 
Redi's obſ. and hers that have n of nts, 


As not * — di other creatures alſo are ſaid to be found 
in the ſtomach: inſtances of which are ſo innumerable, that I ſhall 


all, by ſome of our own countrymen. Dr. Liſter, whoſe credit and 


mal by a poor man, Mr. Jeſſop, another very judicious, curious 
and ingenious gentleman, ſaw hexapods vomited up by a girl; which 


As to "IPC IAN? 1 wh a very — ſtory, but attefied by — | 
Germ. T. 1. obſ. 103. See alſo the 09th obſervation of a kitten 
generation was held, when the philoſophers ſeem to have more 
ſecond tome of the Ephem. Germ. obſ. 56. that favours it, viz. © Ia 


«* ſpring, being thirſty, drank greedily of ſome ſtanding water, which, 


and worſe, and ended in dangerous ſymproms. At laſt he thought 
* ſome» 


man and other creatures r: and for others, to 


E 


w . 
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whom none of theſe methods are proper, but 
make themſelves neſts by perforations ia the 


earth, in wood, or combs they build, or ſuch 


like ways; it is admirable to ſee with what la- 
bour 


MM, 5 was alive i in | his W after that, vomined up three ED 
© live toads; 5 and lo recovered his former bealth. : 


Such another ſtory Dr. Sorbait tells, and avoucheth it ſeen with 


bis own eyes, of one that had a toad came out of an annals, which 
came upon drinking foul water. Obſ. 103. * | 


Not only in the guts, wd in the fleſh, but in many other parts 
of the body, worms have been diſcovered. One was voided by 


wine, by Mr. Mart. Milford, ſuppoſed to have come from the kid- 
neys. Lowth ib. page 135. More ſuch examples Mouffet tells of. 
| Ibid. So the vermes cucurbitini are very common in the veſſels in 
ſheep's livers. And Dr. Lifter tells of them, found in the kidney of 5 
a dog, and thinks that the ſnakes and roads, &c. ſaid to be found 1 in 
auimal's bodies, may be nothing elſe. Lowth. ib. p. 120. Nay, 
more than all this: in Dr. Bern. Verzaſcha's Gxth n there 
are divers inſtances of worms bred in the brain of man. Ode, a 
patient of his, troubled with a violent head- ach, and an itching 


about the noſtrils, and frequent ſneezing; who, with the uſe of a 


| ſneezing-powder, voided a worm, with a great deal of ſnot from 


his noſe. A like inſtance he gives from Bartholine, of a worm 
voided "JEU the noſe of O. W. which he gueſſeth was the famous 


Olaus Wormius : another, from a countrywoman of Deitmarſh; 1 


and others in Tulpius, F. Hildanus, Schenckins, &c. Theſe 


worms be thinks are undoubtedly bred in the brain : but what way 


they can come from thence, I cannot tell. Wherefore I rather hiuk 
they are ſuch worms as are mentioned before in note o, and even that 
that was actually found in the brain of the Paris girl, when opened, 
| gueſs might be 4 in the . * the noſirils, by ſome of the 
ichneumon, 
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* hc tunica rupta, latentem vermem vivum, et piloſum, duobus 


2 


bour and care they carry in, and ſeal up provie 
viſions, that ſerve, both for the production of 
their young, and alſo for their food and nurture 
when — 5 


Tux other piece of remarkable art and care 
about the production of their young, is their 


curioſity and neatneſs in repofiting their eggs 
and in their nidification. 


As to the firſt of which, we may obſerve, that 


pour curioſity and nice order is generally ob, 


ichneumon. or other inſe& kind, and might gnaw its way into the 
brain, through the os cribriforme, Of this he tells us from Bartho- 
line, © Tandem cum tabida obifer, ſtatim aperto cranio przſentes 

« medici rotam cerebelli ſubſtantiam, quæ ad dextram vergit, a reli- 


« quo corpore ſejunctam, nigraq ue tunica in rolutam deprehenderunt: 


pundctis ſplendidis loco oculorum prodidit, ejuſdem fere molis cum 
reliqua cerebri portione, qui duarum ren 2 ſupervixit. 
B. Verzaſ. obſ. Medic, p. 16. 


Hildanus tells us ſuch another ſtory, viz. * Filius Theod, auſt der 
© Roulen, Avunculi mei, diuturno vexabatur dolore capitis— 


© Deinde febricula et ſternutatione exorta, ruptus eſt abſceſſus circa 


© os cribroſum—et vermis prorepſit. By his figure of it, the mag- 


got was an inch long, and full of 3 Fabri Hildan. Cent 1. 


Obſ. 


Galenus Wierus, aa to the Prince Jul. et ies he ſaith, 
told him, that he had, at divers times, found worms in the gall- 


bladder in perſons he had opened ar Dufeldorp. 14. ib- obf. 60. ** 


See before, book iv. chap. 23. | 
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ſerved by them in this matter. You ſhall always 
ſee their eggs laid carefully and commodiouſly, 


up*, When upon the leaves of vegetables, or 
other materials on land, always glued thereon 
with care, with one certain end lowermoſt, and 


with handſome juxta- poſitions . Or if in the 
waters, in neat and beautiful rows oftentimes, in 
that ſpermatic, gelatine matter, in which they 
are repoſited, and that matter carefully tied 
and faſtened in the waters, to prevent its diſh- 
pation *, or if made to float, ſo carefully ſpread 


my 


e Some inſefts lay up their eggs in hv as in holes of fleſh, 


and ſuch places, where it is necefſary they ſhould be crouded to- 
_ gether; which, no queſtion, prevents their being too much dried * 
in n dry places, and Promeres their hatcluag. Bur, 


- As for fuch as are > not to be cluflered. up, great ke. is whd; 4 


1 * ſeen upon the poſts and ſides of windows, little round eggs, 
reſembling ſmall pearl, which produced ſmall hairy caterpillars, that 


were very neatly and orderly laid. And, to name no more, the 
white · butterfly lays i its neat eggs on the cabbage leaves in good order, 


always gluing one certain end of the egg 20 the leaf, I call them 


neat eggs, becauſe if we view them in a m:croſcope, we ſhall find 


chem very curiouſly furrowed, and handſomly made and adorned. 


By reaſon it would be endleſs to ſpecify the various generation 


of inſects in the water, I ſhall therefore, becauſe it is little obſerv- 


ed, take Pliny? s inſtance of the gnat, a mean and contemned ani 


mal, but a notable inſtance of nature's work, as he faith. 


The firſt thing conſiderable in the generation of this inſeQ, is, for 


the ſize of the animal, its vaſt ſpawn, being ſome of them above an 
inch long, and half a quarter diameter; made to float in the water, 


and tied to ſome ſtick, ſtone, or other fixed thing in the waters, by a 
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and poiſed, as. to ſwim about with all poſlble 


animals. In its vermicular ftate, it hath a worm like body, and 


body fide - ways, this way and that, as in Fig. 12. 


= | 24 Py 2 . | — * PL 
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artifice. | 


— 


 finall dem, or ſtalk. In this gelatine, tranſparent ſpawn, the eggs 


are neatly laid; in ſome ſpawns in a ſingle, in ſome in a double 
ſpiral line, running mind fromend to end, as in _ 9. and 103 


and ranlverſly, as in Fig. 8 


When the eggs are ws the heat of the ſun, and warmth of the 
ſeaſon, hatched into ſmall maggots, theſe maggots deſcend to the bot · 
tom, and by means of ſome of the gelatine matter of the ſpawn, 


_ which they take along with them, they ſtick to ſtones, and other 
bodies at the bottom, and there make themſelves little caſes or cells, 


- Q * | . * ; 
which they creep into and out of at pleaſure, until they are arrived 
to a more mature nympha- ſtate, and can fwim about here and there, 


to ſeek for what food they have occaſion ; at which time, they ar are a 
kind of red- worms, above half an inch long, : as Fig. 11. i 


Thus far this mean inſet is a good inſtance of the m Nest 1 
dence towards it. But if we farther conſider, and compare the three 


| Rates it undergoes after it is hatched, we ſhall find yet greater fignals 


of the Creator's management, even in theſe meaneſt of creatures: 
The three ſtates I mean are its nympha vermicular ſtate, its aurelia, 


and mature ſtate, all as different as to ſhape and accoutrements, as 
if the inſet was three different animals. In its vermicular-flate, it 
is a red maggot, as I faid, and hath a mouth and other parts accom- 


modated to food. In its aurelia-ſtate, it hath no ſuch parts, becauſe: 
ie then ſubſiſts without food; but in its mature, gnat-flate, it hath . 
a curious well made ſpear, to wound and ſuck the blood of other 


ſumething analogous to fins or feathers, ſtanding erect near its tail, 
and running parallel with the bady, by means of which reſiſting the 
waters, it is enabled to fwim about by curvations, or flapping its 


1 


3 
7 
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Ax D as to their other Gcutey, that of nidiſi- 
e whether it be exerted by boring the 
earth or wood, or building themſelves cells*, or 
0 ſpinning and weaving themſelves caſes and * 
it is all a wonderful faculty of thoſe poor little 
animals, whether we confider their parts where- 

with they work, or their work itſelf. Thus thoſe 
who perforate the earth, wood, or ſuch like, 
they have their legs, feet, mouth, yea, and 
whole body, accommodated to that ſervice; 
their mouth exactly formed to goaw thoſe hand- 
ſome round holes, their feet, as well made to 
ſcratch and bore?, and their body handſomely 
turned and firted to follow. But for ſuch as 
build or ſpin themſelves nefts, their art juſtly 
bids defiance to the moſt ingenious artiſt among 


men, ſo much as tolerably to copy the nice 
 geomertical 


But in its aurelia-ftate, it hach a quite different hacks: with a club- 

head, (in which the head, thorax, and wings of the gnat are incloſ- 
ed) a ſlender alvus, and a neat finny tail, ſtanding at right angles 
with the body, quite contrary to what it was before; by which 
means, inftead of eaſy flapping ſideways, it ſwims by rapid, briſk 


Fig. 13. But when it becomes a gnat, no finny- tail, no club-huad, 


Þrks, the quite contrary way ; as is in ſome meaſure repreſented in 


„ but all is made | in the moſt accurate manner for fight and motion 5 


in che air, as | before 1 it was for the waters. 
* Ice book iv. chap. 13. 


7 Thus the moths and other parts of the ichneumon-waſps, in 
book iy, chap, + So the feet of the Sryllotalpa. 


2 See 


—_— —— 


w1bivication OF insxerh | 


P 


geometrical comb of Wass 3, the earthen cells 
of others, or the webs, nets, a caſes * woven 
by others. And here that natural glue which 
their bodies afford ſome of them to conſolidate | 
their work, and combine its materials together, 


and 
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Q of the textrine art of the ſpider, and its frvinge to that purpoſe; 
: the laſt cited place. 
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5 Beſides theſe, caterpillars, and divers other inſects, can emit 

threads, or webs, for their uſe. In this their nympha-flate, they 
| ſecure themſelves from falling, and let themſelves down from the 
boughs of trees, and other high places, with one of theſe threads. 
And in the caſes they weave, they ſecure themſelves i in their aurelia 
Kare... 
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And not only the offspring of the phalæna tribe, but there are 
ſome of the ichneumon-fly kind alſo, 2 with this textrine art. 
Of theſe I have met with two forts; one that ſpun a milk-white, 
long, round, ſilken web, as big as the * one's finger, not hollow 
within, as many are, but filled throughout with filk. Theſe are 
- woven round bents, ſtalks of ribwort, &c. in meadows. The other 
is a lump of many yellow, filken caſes, ſticking confuſedly together 
on poſts, under coleworts, &c. Theſe webs contain in them ſmall, 
whitiſh maggots ; which turn to a ſmall, black ichneumon-fly, with 
long, capillary antennz ; tan coloured legs; long wings reaching 
beyond their body, with a black ſpot near the middle; the alvus 
like an heart; and in ſome, a ſmall ſetaceous tail. Some of theſe 
flies were of a ſhining, beautiful green colour. I could not perceive; 
any difference, atleaſt not ſpecifical, berween the flies coming from 
| thoſe two — 
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ls 


* 


ſurs, and ſpuf and wpven by em into filken 
balls Sor webs: I ſay, this ſo peculiar, fo ſer- 


ſtructure of all parts nypiſtering tors textrine 


power, as mean a by 
ſuch as may Juſtly be accounted among the 


VB "noble deſigns and works of the infinite Creator 


and Conſervator of the world. 


In the laſt place, there i 18 s another prodigious 
faculty, art, cunning, or what ſhall I call it? 


that others of thoſe little animals have, to make 


even nature itſelf ſerviceable to their Lo! aa 


” 


their cells; which we find always ſufficiently context and firm. 


it is in the tinea veſtivora, the cadew-worm, and divers others. 
| Goedart obſerves of his eruca, Num. xx. 6, that fed upon fallow- 


de accommodatum ſubeundæ mutarioni inſtanti locum ſibi ex- 

fi ſtruxerit. Domuncula hæc a communi ſalicum ligno nihil differre 

* * videbantur, niſi quod longe eflent duriora, adeo ut cules vix diſ- 
4 rung poſſent,” 


© „An ingenious gentlewoman of my acquaintance, wife to a 
learned phyſician, taking much pleafure to keep ſilk worms, had 


* the great wonder as well of her huſband, as herſelf, —appear- 


and ghich in others can be darted out at plea- | 


| vicealſes a Material, together with the curious 


aneſs as it may ſeem, is 


and 


a have found; a proper matter to cement and glue their combs, and line 
But in all probability, this uſeful material is in their own bodies; as 
leaves, that it made its cell of the comminuted leaves, glued to. 


gether with its own ſpittle. Hzc pulveris aut arenz inſtar com- 
minuit, ac pituitoſo quodam ſui corporis ſucco ita maceravit, ut in- 


b once the curioſity to draw out one of the oval caſes, which the filken 
* worm ſpins into all the filken-wire it was made up of, which to 
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and that is, the making the vegetation, OF *% 


© ed but two grains and an half.“ Boyle Subril. of —_ 2. * 


productions he hath mentioned. But I find Italy and Sicily (his 
than the parts about Upminiſter, where I live, are. For many, if 


years, as critically: obſerved all the excreſcences, and other 
| morbid tumours of vegetables, as is almoſt Nabe, and do believe 
5 that few of them have eſcaped me. 


fimple, and conſequently rhe moſteaſy to be accounted for, | is that i in 
the gems of oak, which may be called ſquamous oak-cones, capitula 
| ſquamata, in Malpighi whoſe deſcription not exactly anſwering our 
 Enghſh cones in divers reſpects, I ſhall therefore paſs his ys and 

| ſew only what I have 2 myſelf * them. 


_ only vaſtly bigger; and indeed they are no other than the gems, ins 
creaſed in bigneſs, which naturally ought to be puſhed out in length: 


—— 


growth of tretg and plants, the very g gan of 
the building of their little neſts and cells n 
as are the galls and balls 2 on the leaves 

by 4 i * 7 . and 


Ven- . 


* 


ve 300 yards, and yet 


ed to be, by meaſure, a great deal a ö 


4 Since my penning this, 1 have met with the moſt — 
Malpighi' s account of galls, &c. and find his deſcriptions to be ex- 
ceedingly accurate and true, having traced myſelf many of the 


book de Gallis being publiſhed long after he was made profeſſor R 
Meſſina) more luxuriant in ſuch productions than England, at leaſt I 


not moſt of thoſe about us, are taken notice of by him, and ſexeral 
others beſides that I never met with; although 1 have, for many . 


* to the ** "Tor thoſe galls and balls are produced, the moſt 4 


Theſe cones are, in outward appearance, l like the gems 


the cauſe of which obſtruction of the vegetation is this: into the 
very heart of the young tender gem or bud (which begins to be 
turgid in June, and to ſhoot towards the latter end of that month, 
or beginning of the next; into this, I ſay) the parent inſect thruſts. 
one 


ö 


1 
-+ "x 1 
* 


* * f 2, 1 4 * | N 


SECTS | 99 
** * « * | 


| and. ; HIPS... of divers "Oo fuch as the 
oak, the willow e, „ the briar, and ſome others. 


T wen 3 ®Now 
ä „ 


%,. 


_ "2 : 4 "4 
one or more eggs, and not perhaps without ſome venomous ichor 


| therewith. This egg ſoon becomes a magggt, which eats itſelf a 
+» little cell inthe very heart or pith of the gem, which is the rudiment _ 
of the branch, together with 1 its leaves and fruit, as ſhall be here- 
after ſhewn. The branch being thus wholly deſtroyed, or at leaſt 

its vegetation beilg obſtructed, the ſap that was to nouriſh it, is di- 
verted to the remaining parts of the bud, which are ouly the ſcaly 
teguments; which by theſe, means grow large and flouriſhing, and 
become a covering to the inſeck. caſe, as before they were to the 

tender n and its 1 5 


* engeren or ix 


2 The caſe ws within this cone, is at firſt but ſmall, as the maggot | 
included in it is; but by degrees, as the maggot increaſeth, ſo it grows 
bigger, to it the ſize of a large white pea, long and round, 
vefembling d the e ſhape of. a Tmall ; acorn. 5 


0 * 
. 


The inſect ſelf is, ct to the modern inſectologers, of the 
ichneumon-fly kind, with four membranaceous wings, reaching a 
little beyond the both, articulated horns, a large thorax, bigger 
than the belly ; the belly ſhort and conical, much like the heart of 
animals the legs partly whitiſh, partly black. The length of the / 
body from head to tail, about two tenths of an inch ; its colour, a | 
very beautiful ſhining green, in ſome tending to a dark copper col- 
our, Figures both of the cones, caſes, and inſets, may be ſeen 
among Malpighi's cuts of galls Tab. 13. and Tab. 20. Fig. 72 
which Fig. 72. exhibits well enough ſome others of the gal- ect * 
but its thorax | is ſomew hat too ſhort for ours. = 


Not only the willow, and * other trees, but plants alſo, aa 
nettles, ground ivy, &c. have caſes produced on their leaves, by 

tne injection of the eggs of an ichteumon-fly. I have obſerved 

thoſe caſes always to grow in, or adjoining to ſome rib of the leaf, 

and their production I conceive to be thus, viz. the parent inſect, 
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matter, wit ſome of its circumſtances, ye muſt. 


is the concurrence of ſome great and wiſe Being, 
that hath, from the beginning, taken care of, 
and provided for the animal's good: for which 
rreaſon, as mean as the inſtance may ſeem, 1 
might be excuſed, if 1 ſhould enlarge upon its 

- particulars. | But two or three hints ſhall ſuffice, = 


* vegetable, and partly of ſomevirulency, (or what 1 
ſhall I call it ?) f in the ! juice, Or egg, or both, repo- 


the regular vegetation of it. From this wound ariſes a ſmall excreſ- 


and bigger, as the maggot increaſes, ſwelling on each fide the leaf 


fly. 


* 


Now, this is ſo ys ©, an priifice, d . 
r out of the reach of any mortal underſtand- 
ing, Wit, or power, that if we confiffer the 


needs perceive manifeſt defign, and that there 


, 


Is the firſt place, it is certain, that the formation : 
of thoſe caſes and balls quite exceeds the cunning | 
of | the animal itſelf; but it is the act partly of the 


ſited on che vegetable by the parent-animal * y And 


with its ſtiff ſetaceous tail, terebratel the rib of the leaf, when tender . 


and makes way for its egg into the very pith or heart thereof, and 


probably lavs in therewith, ſome proper juice of its body, to pervert 
cence, which when the egg is hatched into a maggot, grows bigger 


between the two membranes, and extending itſelf into the parenchy- 
mous part thereof, until it is grown as big as two grains of wheat, 
In this cafe lies a ſmall, white rough maggot, which turns to an 
aurelia, and afterwards to a very beautiſul green, ſmall ichneuman- 


|  * Wha I ſuſpected myſelf, I find confirmed by Malpighi, who, 
in his exact and true nn of the fly bred 3 in the oaken galls, 
* * 00 


» 


| RIDIFCATION/O INSECTS; 5 


© a this virulency is various, according to the differ- 
" ence of its animal, ſo is the form and texture 


ing * e 8, ſome tender balls b, 


ſcaly 


| % 
* 


faith, Non ſat fuit nathrz tam miro artificio terebram ſeu limam 


» © exinde liquorem intra terebram condidit : quire fracta per tranſ- 


firms by ocular obſervation, what he imagined before, viz. © Semel 


> « dentem quereinæ gemmz, adhuc germinanti; hærebat etenim 


4 « arcum corpore, terebram evaginabat, ipſamque tenſam immitte- 
'S bat; et tumefacto ventre circa terebræ radicem tumorem excitabat, 
muſca interpolatis vicibus remittebat. In folio igitur, avulſa 


C ** Kc. | 


18 vue wine is the: we Malpighi faw, I had the good for- 
tune to ſee myſelf once, ſome years ago: and that was the beauti- 


the oak-apples, which I gueſs were not what the primitive inſects 
laid up in the gem, from which the oak-apple had its riſe, but 


Was , and whilft it was tender and loft. 


| which are bred in them; who, when come to maturity, gnaw their 


in them. Of the inſects bred in them, ſee Philo, T ranſ. No. 245. 


* 


condidiſſe; ſed inflicto vulnere, vel excitato foramine infundendum 


verſam muſcarum terebra frequentiſſime, vivente animali, guttæ 
aliquot diaphani humoris effluunt.“ And a little after, he con- 


63 Ot 


of the caſes and balls excited thereby; ſome be- 
| ſome 


« prope Junii finem vidi muſcam, qualem ſuperius delineavi, inft- 


* foliolo ſtabili ab apice hiantis gemmæ erumpenti : et convulſo in . 


* minima et diaphana reperi ejecta ova, ſimillima iis, quæ adhuc 
in tubis ſupererant. Non licuir 1 iterum dem n conan 


ful, ſhining oak-ball ichneumon ſtrike its terebra into an oak-apple | 
divers times, no doubt to lay its eggs therein. And hence I ap- 
prehend we ſee many vermicules towards the outſide of many of 


| ſome other ſupervenient, additional inſects, laid in after the apple WW 


a 2 The Awe. 1 we make ink, may de Pe Ie 
of this number, being hard, and no other than caſes of inſets _ 


way out of them; which is the cauſe of thoſe little holes obſervable. 
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4 


pepper-corns, growing cloſe to the ribs under oaken leaves, glo- 
bous, but flattiſh ; at firſt touched with a bluſhing red, afterwards 
growing brown, hollow within, and an hard thin ſhell without. 


Ta this lieth commonly a rough, white maggot, which becomes. a 


little long-winged, black ichneumon-fly, that eats a * hole in 
the ſide of the gall, and ſo gets out. 3 


ud 


* For a ſample of the tender dalls, I ſhall chuſe the globous ball, 


as round, and ſome as big as ſmall muſket-bullets, growing cloſe 
to the ribs, under oaken-leaves, of a greeniſh yellowiſh colour, with 
a bluſh of red; their ſkin ſmooth, with frequent riſings therein. 
Inwardly they are very ſoft and ſpungy ; and in the very centre is 
a caſe with a white maggor therein, which becomes an ichneumon- 


fly, not much unlike the laſt. As to this gail, there is one thing I f 


have obſerved ſomewhat peculiar, and [ may ſay providential, and 
that is, that the fly lies all the winter in theſe balls in its infantine- 
fate, and comes not to its maturity till the following ſpring. In 
the autumn, and winter, theſe balls fall down with their leaves is 
the ground, and the inſect incloſed in them 1s there fenced againſt 
rde winter froſts, partly by other leaves falling pretty thick upon 


them, and eſpecially by the thick — * _ 


| afforded by the = themſclves. 


Ges ample ſhall be the — oak-balls, called oak-apples, 
growing in the place of the buds, whoſe generation, vegetation 
and figure, may be ſeen in Malpig. de Gallis, p. 24. and Tab. 10. 
fig. 33, &c. Out of theſe galls, he ſaith, various ſpecies of flies 
come, but he names only two, and they are the only two I ever 
ſaw come out of them : © Frequenter, ſaith he, ſubnigræ ſunt muſcz 
© breyi munitæ terebra. Inter has aliquæ obſervantur aurez, 
« levi viridis tinctura ſuffuſe, oblonga pollentes terebra. Theſe 
two diſſerently coloured flies I take to be no other than male and 
female of the ſame ſpecies. I have not obſerved tails, which are 
their terebræ, in all, as Malpighi ſeems to intimate: perhaps they 
were hid in their thecze, and I could not diſcover them: but I rather 
think there were none, and that thoſe were the males: but in 
others, I have obſerved long, recurvous tails, longer than their 
© whole bodies; and theſe I take to be the females. And in the oak 


"PP, | 
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e , ſome ſnoogþ ty ſome hairy, ſome * | 


.* 


8 ſome 


apples — I have ſeen the 2 ſome with, ſome with- 
out tails. And I muſt confeſs, it was not without admiration, as 


» 0. pleaſure, that I have ſeen with what exact neatneſs and 


artifice, the tail hath been wrapt about the aurelia, whereby it is 
7 from either — ing the — or being hurt itſelf. 
f * 


| > 


eker 98. 
2 


Po - * 


Of the rough or hairy exereſcences, thoſe on the briar, or dog- 


1 roſe, Are a good inſtance. Theſe ſpongiolæ villoſæ, as Mr. Ray, 


n ut ſtrumoſa fiant complura tubercula fimul confuſe congeſta, 


gallz ſtrumoſæ, as Dr. Malpighi calls them, are thus accounted for 
| by the latter; © Ex copioſis relictis ovis ita turbatur affluens (rubi) 


« quz utriculorum ſcribus, et fibrarum implicatione contexta, ra- 
moſas propagines germinant, ita ut minima quaſi ſylva appareat, 
© Quzlibet propago ramos, hinc inde villoſos edit. — inde pilæ 5 
; "Wo erumpunt, &c. 


| Theſe balls are a ſafe repoſitory to the inſect all the winter in its 
5 vermicular- ſtate. For the eggs laid up, and hatched the ſummer 

before, do not come to mature inſects until hs * ** 
Mr. „* gba obſerves i in Cat. Cantab. 


1 to the inſects themſelves, they are manifeſtly ichneumon- 
flies, having four wings, their alvus thick and large towards the 
tail; and tapering up till it is ſmall and ſlender at its ſetting on to 
the thorax: But the alvi, or bellies, are not alike in all, though 
coloured alike. In ſome they are as is now deſcribed, and longer, 
without terebræ, or tails; in ſome ſhorter, with tails; and in ſome 
yet ſhorter, and thick, like the belly of the ant, or the heart of 
animals, as in thoſe before (note 4, p. 98.) But for a farther deſcrip- 
tion of them, I ſhall refer to Mr. Ray, Cat, Plant. circa Cantab. 
under Roſa ſylveſt. 
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made parts for this ſervice, to bore and pierce 


and j Juice into the tender parts thereof. 


upon it for an example here, viz. the gouty 
and the branches of the blackberry buſh ; of which Malpighi hath 
given us two good cuts in Tab. 17. fig. 62. The cauſe of theſe is 

manife 


Which, for the reaſons before mentioned, makes the young ſhoots | 
tumify, and grow Lacy and _ 


| ſhining, black ichneumon-fly, about a tenth of an inch long, with 
jointed, red, capillary horns, four long wings, reaching beyond 
the body, a large thorax, red legs, and a ſhort heart-like belly. 
They hop like fleas. The males are lefs than the females; are very 
venereous, endeavouring a coitus in the very box i in which they are 
hatched : getting up on the females, and tickling and thumping * 
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And, 


* round, ſome conical, in che 


laſt place, let us add, that * ſpecies of 1 in- 1 


ſects are all endusd with peculllt and exaQtly, 


the vegetable, and to reach and inject their es 


LEY 


= It being an Aman fencing out of the way I ſhallh : 
tyellings 1 in the body, 


Ay from the eggs of inſects laid in, whilſt the ſhoot is young 
and tender, as far as the pith, and in ſome places not ſo deep: 


The inſe& tht comes do hence i is of the dls tribe, a ſmall 


them with their breeches and horns to excite them to venery. 


PET, 
, 


©. % 4 
" 4 
* 


1 


of THE CONCLUSION. | 


| _ | , 


fidered, what leſs can be concluded, than 

that there is manifeſt deſign and forecaſt in this 
caſe, and tat there muſt needs be ſonie wiſe , 
artiſt, ſome careful, prudent conſervator, that 


have ſuch a ſtrange uncouth power on a quite 
different rank of creatures? And laſtly, what 
ſhould make the inſect aware of this its ſtrange 
faculty and power, and teach it ſo . 


and dexterouſly to employ i it for its own ſervice 
+. = = good! . E N 


1a CONCLUSION. 4 tog 


A. now, theſs ings being curiouſly 8 = 


from the very beginning of the exiſtence of this | 
| ſpecies of animals, hath, with great dexterity 
and forecaſt, provided for its preſervation and 
good! For what elſe could contrive and make 
a ſet of curious parts, exactly fitted up for 
chat ſpecial purpoſe; and withal implant in 
the body ſuch peculiar impregnations, as ſhould © 
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er Arrr ILES, AND THE [NBABITANTS off 


back of the creation, I ſhall ſuperadd a few farther remarks fro 


. = vile et contemptibile habetur, organa vitalia, necnon et all 
© viſcera et membra divino artificio admirabiliter fabrefaCta ſortit* 


, 2 Ly 
| * 


THE warzns.? "4 


CHAP. 1 
| ns 33 
of REPTILES 


Hun diſpatched the inſe@- ike, all is | 


but one genus of the land- animals remait- 


ing to be e, and that! is, that of reptiles", 
wh 


» Maga Backs refer. in bark bn; hana a 
notice of the earth - worm; yet it being a good example of ts 
Creatoris wiſe and curious workmanſhip, in even this meaneſ 


. Willis and Tyſon. Saith Willis, Lumbricus tereſt 


or REPTILES. 


| Which 1 ſhall diſpatch i in a little compaſs, „ W 
reaſon I have ſomewhat amply treated of others 
and many of the things may 'be applied here. 
But there are ſome things in which this tribe is 
| ſomewhat fingular, which I ſhall therefore take 
notice of briefly in this place. One is their mo- 
tion, which I have in another place o taken notice 
of to be not leſs curious, than it is different from 
a 5 that 


* 


* 


; * — 
. 


- * totius corporis compages muſculorum annularium catena eſt, 

« quorum fibrz orbiculares contractæ quemque annulum, prius am- | 

© plum, et dilatum, anguſtiorem et longiorem reddunt.“ [This 

muſcle in earth-worms J find is ſpiral, as in a good meaſure is their 

motion likewiſe; © ſo that by this means they can, like the worm 

' © of an augre, the better bore their paſſage into the earth. Their 

_ © reptile motion alſo may be explained by a wire wound on a cy- 3 

linder, which when flipped off, and one end extended and held 

* faſt, will bring the other near it. So the earth-worm, having 

* ſhot out, or extended its body, which is with a wreathing, it takes 5 

hold by thoſe ſmall feet it hath, and ſo contracts the hinder part 

b of its body.” Thus the curious and learned Dr. Tyſon, Philof. 
Tranſ. No. 147.) Nam proinde cum corporis portio ſuperior elon- 

gata, et exporrecta, ad ſpatium alterius extenditur, ibidemque 

plano affigitur, ad ipfum quaſi ad centrum portio corporis inferior 

© relaxata, et abbreviata facile pertrahitur. Pedunculi ſerie qua- 

* druplici, per totam longitudinem lumbriei diſponuntur ; his quaſi 

I totidem uncis, partem modo hanc, modo iſtam, plano affigit, . 

dum alteram exporrigit, aut poſt ſe ducit. Supra oris hiatum — 

© proboſcide, qua terram perforat et elevat, donatur. And then 

he goes on with the other parts that fall under view, the brain, the _ a 

gullet, the heart, the ſpermatic veſſels, the ſtomachs and inteſtine, = = 

the foramina on the top of the back, adjoining to each ring, ſupply- 

ing the place of lungs, and other parts. Willis de Anim? Brut. 

P. 1. e. 3. "OM 
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| that of other animals, whether we conſider the | 
manner of it, as vermicular, or ſinuous P, or like | 


able, lying croſs the bell ly, 
the reſt of the body do; al 

over the edges of their following ſcales, from head to tail; ſo thoſe 
cedges run out a little beyond, or over their following ſcales; fo 
as that when each ſcale is drawn back, or ſet a little upright, by its 
_ muſcle, the outer edge thereof, or foot it may be called, is raiſed 
alſo a little from the body, to lay hold on the earth, and ſo promote 


in the ſlough, or belly of the ſerpent-kind. But there is another 
admirable piece of mechaniſm, that my antipathy to thoſe animals 
| hath prevented my prying into; and that is, that every ſcale bath 2 
diſtinct muſcle, one end of which is tacked to the middle of its 
ſcale; the other, to the upper edge of its following ſcale. This 
Dr. Tyſon found in the rattle-ſnake, and I doubt not is in the 


more commodious for their tate of life, by the broad ſkin along 
each fide of the belly, and the undulating motion obſervable there. 
By this latter it is they creep; by the former, affiſted with the glu- 
tinous ſlime emitted from the ſnail's body, they adhere firmly and | 
, ſecurely to all kinds of ſuperficies, partly by the tenacity of thei 


N * 2 „ 9 | 
"EO 
© 


OF REPTILES. | 


N * 


that of the ſnail 4 or the caterpillar * „ or the 
. * | multipedou 


2 0 


7 There] is a great deal of geometrical neatneſs and nicety, 5 the 
33 motion of ſnakes, and other ſerpents. For the aſſiſting in 
which action, the annular ſcales under their body are very remark- 
contrary to whar thoſe in the back, and 
ſo as the edges of the foremoſt ſcales lie 


and facilitate the ſerpent's motion. This is what may be eafily ſeen 4 


whole tribe. 


4 The wiſe author of nature, havieg denied feet and claws to en- 
able ſnails to creep and climb, hath made them amends in a way 


flime, and partly by the preſſure of the atmoſphere. Concerning 
this part, which he calls the ſnail's feet, and their undulation, ſee 
Dr. Liſter's Exercit. Anat. 1. ſect. 1. and 37. 


© The niotive parts, and motion of caterpillars, are uſeful, not 
only to their progreſſion and conveyance from place to place; but 


1 


= 2 5 1 
* p 
* exp N 
4 N 
1 5 
} * : 
7 p 


| * o#: _ * 


multipedous*, or any other way; : or r the parts 


miniſte -ring to it, particularly the ſ-ine*, and the 


have bone, and the annular, and other muſcles, 

in ſuch as have none, all incomparably made for 

_ curious, and, 1 . * lay, N al 
* various 


1 


alſo to cheir more certain, eaſy, and 8 . of food: 
tor having ſeet before and behind, they are not only enabled to go 
by a kind of ſteps made by their fore and hind- parts; but alſo to 
climb up vegetab- es, and to reach from their houghs and ſtalks for 
food at a diſtance: for which ſervices their feet are very nicely 


ſticking to, and theſe beſet almoſt round . ſmall ſharp nails, to 
hold and graſp what they are upon: before, their feet are ſharp and 
3 booked, to draw leaves, &c. to them, and to hold the fore - part of ; 
the body, whilſt the hinder- parts are brought up thereto. But no- 
thing is more remarkable in theſe reptiles, than that theſe parts and 
motions are only temporary, and incomparably adapted only to ; 


neither feet nor motion, only a little in their hinder-parts : and in 


made for flight, 

0 ſe; is a — pretty . obſervable in the going a 

multipedes, as the juli, and ſcolopendrz, that on each fide the body, a 
every leg hath its motion, one very regularly following the other 

from one end of the body to the other, in a way not eaſy to be de- 

| ſcribed in words; ſo that their legs in going, make a kind of undu- 

lation, and give the body a ſwifter progreſſion than one would 

imagine it ſhould have, where ſo many feet are to take ſo many 

ſhort ſteps. 


* c Venom apophyſes breviores ſunt, præcipue juxta caput 
* cujus propterea flexus in averſum, et latera, facilis viperis eſt; 
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muſcles co- operating with the _ FT, - 


made both before and behind. Behind, they have broad palms for = 7 


their preſent nympha- ſtate; whereas i in their aurelia · ſtate, they have 


the mature ſtate, they have the "ou and motion of a flying inſet, 


— 
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I : various windings and turnings, undulations, and 
all the various motions to be met t with in the 


2 Lind. x 


* 


: erm thing that will deſerve our notice, is, | 
 N the poiſon that — of this tribe are ſtoched 
8 th. Which I the? rather mention, becauſe ſomes4 
1 nuke it an objection againſt the divine ſuperin- 
tendence and providence, as being a thing ſo far 
from uſeful, they think, "that it is rather miſ. 

chie vous 


bs. 


# * fecus We, &c. acumbic his offibus i ingens muſculorum _ 
_ © torum præſidium, tum ſpinas tendinum exilium magno apparatu de. 
+ * ducentium, tum vertebras potiſſimum in diverſa flectentium, atque 
© erigentium. Adeoque illam corporis miram agilitatem, non tan 
tum, (ut Ariſtot.) 5 r Nnαμ,ẽjbg xa N br omoyouncy, quoniam 
© faciles ad flexum, et cartilagineas produxit vertebras, ſed quia 
© etiam multiplicia motus localis inſtrumenta muſculos fabrefeck 
* provida rerum parens natura, conſecuta fuit. Blaſ. Anat. Anim. 

p 1. c. 39. de Vipera „ „„ 


4 That .which is more remarkable in the vertebrz (of the 
© rattle-ſhake, beſides the other curious articulations,) is, that 
© the round ball in the lower part of the upper vertebra, enters a 
' © ſocket of the upper part of the lower vertebra, like as the 
© head of the os femoris deth the acetabulum of the os iſchii ; by 
which contrivance, as alſo the articulation with one another, 
© they have that free motion of winding their bodies any way“ 
Dr. Tyſon's Anat of the Rattle-ſnake in Philoſoph. Tranſ. No. 144- 
What is here obſerved of the vertebræ of this * is common 
to this whole genus of reptiles. 


My ingenious and learned friend, Dr. Mead, examined with 
his microſcope, the texture of a viper's poiſon, and found chere 


i 
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chievous i deſtr gof God' 8 1 dh 
te anſyeer i is eaſy, that as to man tüte Geatures © 
are not without their great ſes, particularly in the 
x cute of ome” " of the moſt, ſtubborn difeaſes 3 —*_ 
z however, 8 


1 £4 
. only © a . of ſmall falts nimbly floating on the Heat 
a but in a mort time the appearance was changed, and theſe 554 
F- c particles were ſhot out into cryſtals, of an incredible tenuity and . 
{+ © ſharpneſs, with ſomething like knots here and there, from which, 
| c they ſclined to proceed ; ſo that the whole texture did m a man- 
© ner repreſent a a ſpider's web, though infinitely finer,” Mead of 


| Poiſons, P. 9. _ I * 


As to þ «ff nature and operation of this poiſon, ſee the fame i inge- TY 
#nious author's hypotheſis „ in his following pages. a 89 
= | 5 
This poiſon of the viper lieth in a a bag i in the AS; at the upper | 55 ; 
as of the teeth. Ir is ſeparated from the blood by a conglomerated | LE 
gland, lying in the anterior lateral part of the os ſincipitis, juſt be= 1 
| + hind the orbit of the eye: from which gland lieth - a duct, that con- * 


| e ns 6" on ths wa. FR . 
e 


| The * are tubulated, for the conveyance, or emiſfion of the 1 bf 

\ poiſon into the wound the teeth make; but their hollowneſs doth - 

not reach to the apex, or top of the tooth, (that being ſolid * 

ſharp, tlie better to pierce;) but it ends in a long ſlit below the - 

| Point, out of which the poiſon is emitted. Theſe perforations of s . 

| the teeth, Galen faith, the mountebanks uſed to ſtop with ſome * 

kind of paſte, before they ſuffered the vipers to bite them before 

| | their ſpectators. Cuts of theſe parts, &c. may be ſeen in the laſt 3 
cited book of Dr. Mead. Alſo Dr. Tyſon's Anat. of the Rattle - ns . 4 

| Snake, in Phil. Tran. No. 144+ 4 w OT | 3 


3 That vipers have their great uſes in \ phyſi is manifeſt from their 
bearing a great ſhare in ſome of our beſt antidotes, ſuch as theriaca 
Andromachi, and others; alſo in the cure of the elephantiaſis, and 

other the like ſtubborn maladies, for which I ſhall refer to the 25 | 
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- However 5 £ * wire, "dd there would be HO in. 
dical writers. But there is ſo fi TY in the curious ** 
tion of Pr. Ol. Wormius, related from Kircher, that I ſhallſen- 
tertain the reader with it Wer whe village of Saſſa, about eight | 
miles from the city Bracciano in Italy, faith e, Specus ſeu cawernaꝗ 
«c vulgo La, Grotta del Serpi, duorum hominum Capax, fiſt | ty L 

c quibu fdam foraminibus in formam cribri n cernitu 

| * quibus ingens quædam, principio veris, diverſiculorum 
18 * tum, nulla tamen, ut dicitur, fingulari veneni qualitate imbuto. | 
rum progenies quotannis pullulare folet. In hac f ele- 
© phantiacos, leproſos, paralyticos, arthriticos, podagricos, &c. 
nudos exponere ſolent, qui mox haliaum ſubterraneorum calore 
in ſudorem reſoluti, ſerpentum propullantium, totum corpus in- 
© firmi implicantium, ſuctu linctuque ita omni vitioſo virulentoque 8 
© humore privare dicuntur, ut repetito hoc per aliquod tempus me- 

_ * dicamento, tandem perfectæ fanitati reſtituantur.” This care 
Kircher viſited himſelf, found it warm, and every way agreeable"ts 0 
dhe deſcription he had of it; he ſaw their holes, heard a murmuring 
__ hiſſing noiſe in them ; but although be miſſed ſeeing the ſerpents, 
It being the ſeaſon for their creeping out, yet he ſaw great numbers 
of rw or floughs, and an elm growing hard 7 laden v with 


* * 


-- The 3 of this « cave was by the cure of a leper going from 
Rome to ſome baths near this place; who loſing his way, and bes 
ing benighted, happened upon this cave; and finding it very warm, 
0 pulled off his clothes, and being weary and ſleepy, had the s 
+4 fortune not to feel the ſerpents about him till ny had wrought his 
cure. Vide Muſcum Worm. . IF. FE 


The vaſes ** Dr. Mead thinks © our iche Jeal too 
cautiouſly and ſparingly, in their preſcribing only ſmall quantities 
bol viper's fleſh, Kc. in the elephantiaſis, and ſtubborn leprofies : ' 
but he recommended rather the jelly or broth of vipers; or, as the 

ancient manner was, to boil vipers and eat them like fiſh ; or 42 
leaſt to drink wine, in which they have been long infuſed. Vide 
Mead, ubi _m Pe 34. 


Juſtice 


men. 


„„ ”*  ” "ng 


juſtice for God to make a ſet 7 ſuch noxious 


creatures, as rods and ſcourges, to execute the 
divine chaſtiſements upon ungrateful and ſinful 


which know not God, are the moſt annoyed with 
thoſe noxious reptiles, and other pernicious crea- 


' tures. As to the animals themſelves, their poiſon 
is, no doubt, of ſome great and ſpecial uſe to 

_ themſelves, ſerving to the more eaſy conqueſt, and 
ure capture of their prey, which might other- 


wiſe be too reſty and ſtrong, and if once eſcaped, : 
would hardly be again recovered, by reaſon of 


their ſwifter motion, and the help of their legs; 
befides all which, this their poiſon may probably 


be of very great uſe. to the digeſtion of their 
food. 


AND as to the innocuous part of the reptile- 


kind, they as well deſerve our notice for their 
harmleſneſs, as the others did for their poiſon. 
For as thoſe are endowed with poiſon, becauſe 
they are predacious ; 
their food is near at hand, and may be obtained 
without ſtrite and conteſt, the next earth x afford- | 


ſo theſe need it not, becauſe 


x That earth-worms live 1 upon RY is manifeſt from the lirtle 
curled heaps of their dung ejected out of their holes. But in Phil. 
Tranſ. No. 241. I have ſaid, it is in all probability earth made of 


rotted roots and plants, and ſuch like nutritive things, not pure 


earth, And there is farther reaſon for | "a tecauſe worng:s will drag 
the leaves of trees into their holes. 


w=_ 


And I am apt to think that the nations 


* * Uo | * 
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ing food to ſuch as can terebrate, and make way 
into it by their vermicular faculty; and the next 
vegetable being food to others that can climb and 
reach y, or but crawl to it. 


y Snails might be in danger of wanting food, if they were to ke 
= only upon ſuch tender plants as are near the ground, within their 
| reach only; to impower them therefore to extend their purſuits 
| farther, they are enabled, by the means mentioned in note q. p. 108. 
to ſtick unto, and creep up walls and vegetables at their pleaſure. 
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CHAP. IL 


OF THE INHABITANTS OF THE WATERS 


— now gone through thar part of the 


animal world, which I propoſed to ſurvey, 
the animals inhabiting the —_—_ 


As to the other part of the terraqueous globe, 


the waters, and the inhabitants thereof, not hav- 


ing time to finiſh what I have begun on that large 

ſubject, I ſhall be forced to quit it for the preſent, 
although we have there as ample and glorious a 
ſcene of the infinite Creator's power and art, as 
hath been already ſet forth on the dry land. F or 


the waters themſelves are an admirable work of 


God , and of infinite uſe * to that part of the globe 
ö alread y 


= Beſides their abſolute neceſſity and great uſe to the world, there ; 
are ſeveral topics, from whence the waters may be demanſirated to 
de God's work; as the creating ſo vaſt a part of our globe; the 


Placing it commodiouſly therein, and giving it bounds; the me- 


H 2 thods 
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already ſurveyed; and the prodigiöus variety d A 
and mulfitudes of curious and wonderful things 
obſervable | in its inhabitants of all ſorts, are an 
inexhauſtible ſcene of the Creator 8 wiſdom and 
power. The vaſt bulk of ſome e, and prodigi- 
ous minuteneſs of others, together with the in- 
com- 


code of keeping it ſweet and clean, by its  faltnefs, by the tides, 
and agitations by the winds ; the making the waters uſeful to the 


25 vegetation of plants, and for food to animals, by the noble methods 
of ſwectning them; and many other things — which are me 3 


ſiſted on in that part of my furvey. 


7 
. Pliny having named divers mirabilia aquarum, to ſhew their 
power; then proceeds to their uſes, viz. © Eædem cadentes omaium 

terra naſcentium cauſa fiunt, prorſus mirabili natura, ſiquis velit 
© reputare, ut fruges gignantur, arbores fruticeſque vivant, in cœ- 
lum migrare aquas, animamque etiam herbis vitalem inde deferre, 
. 1 uſta con feſſione, omnes terræ quoque vires aquarum eſſe beneficio. | 
© Quapropter ante omnia ipfarum potentiz exempla ponemus : 
© eunCtas enim quis mortalium enumerare queat?” And then he 
goes on with an enumeration of ſome waters famed for being me- 
dicinal, or ſome other anuſual qualky. Plin. I. 31. c. 1, and 2. 


d Pliny reckons 176 kinds in the waters, whoſe names may be 
met with 1 in 2 his by 7 iy Ay of but he | is ſhort 1 in | his account, 


© Pliny, 1. 15 e. 5 . that in the 1d ſea there are balenz 

quateraum jugerum, (i. e. 960 feet) priſtes 200 cubitorum, (i. e. 
300 feet). And |. 32. c. x. he mections whales 600 foct long, 
and 360 broad, that came into a river of Arabia, If the reader 
| hath a mind he may ſce his reafon why the largeſt animals are bred 
in the lea, |. 9. c. 2. 


4 As the largeſt, fo the moſt minute animals are bred in the wa- 
ters, as thoſe in pepper-water; and ſuch as make the green ſcum 
1 7 on 


THE WATERY INHABITANTS. * 117 


5s comparable contrivance and firucture of the 
bodies of all ©, the proviſions and ſupplies of 
food afforded to ſuch an innumerable company of 
_ eaters, and that in an element, unlikely, one 
would think, to afford any e ſtore of ſup- 
plies ©; the buſineſs of reſpiration performed in 
a way ſo different from, but equivalent to what 
is in land animals s; the adjuſtment of the organs 


on the waters, or make them ſeem as un green, and many others. 
See book iv. wm 11. 


4 

y th mt be here 1 8 that che bodies of all the ſeveral inha- 
birants of the waters, are the beſt contrived and ſuited to rhat place 
and buſineſs in the waters, which is proper for chem ; ; that particu- 


larly, their bodies are clothed and g guarded, in the beſt manner, with 


ſcales, or ſhells, &c. ſuitable to the place they are to reſide in, the 
dangers they may be there expoſed uvto, and the motion and buſi- 35 
neſs they are there to perform : that the centre of gravity, of great 
conſideration in that fluid element, is always placed in the fitteſt 
part of the body : that the ſhape of their bodies, eſpecially the more 
ſwift, is the moſt commod us for making way through the waters, 
and moſt agreeable to geometrical rules; and many other matters 
beſides would deſerve a place here, were they not too long for notes, 
and that I ſhall anticipate what ſhall be more proper for another 
place, and more > accurately treated of there. 


8 See betore, book iv. __ 11. 
2 Galen was aware of the reſpiration of fiſhes by their branchiæ. 
For baving ſaid, that fiſhes have no occaſion of a voice, neither re- 
ſpire through the mouth, as land animals do, he faith, © Sed earum, 
quas branchias nuncupamus, conſtructio, ipfis vice pulmonis eſt. 
Cum enim crebris ac tenuibus foraminibus ſint branchiæ hwc in- 
F terceptæ, acri quidem et vapori perviis, ſubtilioribus tamen quam 
II 3 pro 
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different opinion. Plin. I. 9. c. . And ſo Ariſtotle ſeems to be in 


it is more full or empty, makes the body more or leſs buoyant. 


b 


of viſion ® to that element in which the animal 


make amends for which, as alſo for the refraCtion of water, differ» 
ent from that of the air, the wife Contriver of the eye hath made the 


I hſaid in note e, p. 117. accurately fixed And to prevent vacilla- 
tion, ſome of the ſins ſerve, particularly thoſe of the belly; as Bo- 


culous and ficopg i in that part, t than in all the reſt of their body, ac- 
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liveth; the poiſe , the ſupport ®, the motion of 
"We body” 5 forwards with great ſwiftneſs, and 
b 5 upwards 


© pro mole aquz; hanc quiders extra repellunt, il autem prompte 
ijntromittunt. Galen de uſu Part. 1. 6. c. 9. So al ſo Pliny held, 
that fiſhes reſpired by their gills ; but he ſaith Ariſtotle was of a 


his Hiſtory of Animals, I. 8. c. 2. and in other places. And Be 
may add our famous Dr. Needham. See his, De Form. Feet. 
cap. 6. and Anſwer to eren. 3 5 1 


va protuberant eye would have been inconvenient for fiſhes, by 
| hindering their motion in ſo denſe a medium as water is; or elſe 
their bruſhing through ſo thick a medium would have been apt to 
wear, and prejudice their eyes; therefore their cornea is flat. To 


chryſtalline ſpherical in fiſhes, which in animals, living in the air, 
18 lenticular, and more flat. 


5 As1 have nl before, that the bodies of birds are nicely 
poiſed to ſwim in the air, ſo are thoſe of fiſhes for the water, every 
part of the body being duly balanced, and the centre of gravity, as 


relli proved, by cutting off the belly-ſins, which cauſe the fiſh to 
reel to the right and left hand, and rendered it unable to ſtand 
| Reacily in an upright polture. 


* To dls the fiſh to abide at the top, or deem, or r any other 
part of the waters, the air-bladder is given to moſt fiſhes, which, as 


The tail is the grand inſtrument of the motion of the body; nat 
the fins, as ſome imagine. For which reaſon, fiſhes are more muſ- 


— ———_— 
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upwards and downwards with great readineſs 
and agility, and all without feet and hands, 
and ten thouſand things befides; all theſe 
things, I ſay, do lay before us fo various, 
ſo glorious, and withal ſo inexhauſtible a ſcene of 
the divine power, wiſdom, and goodneſs, that it 
would be in vain to engage myſelf in ſo large a 
province, without allotting as much time and 
pains to it, as the preceding ſurvey hath coſt 
me. Paſling by therefore that part of our globe, 
1 ſhall only fay ſomewhat very briefly concerning 


b inſenſitive creatures, particularly thoſe of 


the vegetable kingdom, and » conclude this = 
ſurvey. 


cording as it is in the motive parts of all animals, in the pettoral 
muſcles of birds, the thighs of man, &e. 


1 che 5 hath : a mind to ſee the e method, how filbes 
row themſelves by their tail, and other curioſities relating to their 
ſwimming; I ſhall refer him to Borelli de Mot. Animal Er. 
3+ cap. 23. —— to prop. 213. 


_— or VEGETABLES, 

MR 

"41.2 OF VEGETABLES. 

METS 

1 } : Tu, vegetable kingdom, although : an inferior 

1 branch of the creation, exhibits to us ſuch 

q an ample ſcene of the Creator” s contrivance, curi- | 
oſity, and art, that [ much rather chuſe to ſhew = 
what might be ſaid, than engage too far in par- 
ticulars. I might inſiſt upon the great variety 


there is, both of trees and plants provided for all 
ages, and for every uſe and occafion of the 
world em; ſome for building, for tools and uten- 
fils of every kind; ſome hard, ſome ſoft ; ſome 
rough and ftrong, ſome brittle; ſome long and 

tall, ſome ſhort and low; ſome thick and large, 2 


* The fifth book of Theophraſtus's Hiſtory of Plants may be here 
conſulted ; where he gives ample inſtances of the various conſtitu- 
tions and uſes of trees, in yarious works, Kc. See alſo before, book 
Iv. chap. 13. | 


4 | ſome 


ſome ſmall and lender ; ſome for rg ſome 
for food, ſome for pleaſure ; yea, the moſt ab- 
| ject ſhrubs?, and the very buſhes and brambles 
themſelves, "the huſbandman can teſtify the uſe 


of. T9 
1 might 


» Inviſis quoque herbis inſeruit Cnatura] remedia: quippe cum 
c © medicinas dederit etiam aculeatis—in quibus ipfis providentiam 
© naturz ſatis admirari amplectique non eft.—Inde excogitavit aliquas 
l aſpectu hiſpidas, tactu truces, ut tantum non vocem ipſius fingentis 
« illas, rationemque reddentis e xaudire videamur, ne ſe depaſcat avida 
© quadrupes, ne procaces manus rapiant, ne neglecta veſtigia obterant, 
ane inſidens ales infringat : his muniendo aculeis, teliſque armando, 
© remediis ut tuta ac ſalva ſint. Ita hoc quoque quod in iis odimus, 
* cauſa encogitarum.“ Plin. Nat. Hiſt. I. 22. c. 6. 
Are bene of the bestes of nature noxious ? 'T _ are alſo uſe- 
0 ful. —Doth a nettle ſting ? It is to ſecure ſo good a medicine from 
the rapes of children and cattle. Doth the bramble cumber a gar- 
aden ? it makes the better hedge; where if it chanceth to prick the ; 


© owner, it will t tear "the thief,” 1 Grewe $ Coſmalog. lib. 3. cap. "ay 
ed. 47. 


„That the moſt abject vegetables, &c. have their uſe, and are be- 


neficial to the world, may, in ſome meaſure, appear ſrom the uſe the 


northern people put rotten wood, &c. unto. Satis ingenioſum 
:  _ habent populi ſeptentrionales in nemoribus nocturno tem- 
0 © pore pertranſeuntes, imo et diurno, quando in remotioribus aqui- 
« lonis partibus ante et poſt ſolſtitium hyemale continuæ noctes ha- 
9 bentur. Quique his remediis indigent, cortices quercinos inquir- 
aut putres, ecſque collocant certo interſtitio itineris inſtituti, ut 
* eorum ſplendore, quo voluerint, perficiant iter. Nec folum hoc 

© przſtat cortex, ſed et truncus purrefaCtus, ac fungus plc agaricus 
. &c. on. Mag. Hift. . 2. c. 16. 


5 To this « we may add thiftles in making glaſs, ET Rar aſhes, Dr. 
Merret ſaith, are the beſt, viz, the aſhes of the common way thiſtle, 
; though 


1 tf 
— 


- 


bd 


tomy and ſtructure of their bodies v, and ſheiy 
the admixable proviſion made for the conveyance 
of the lymphatic and effential juices, for com. 
municating the air, as neceſſary to vegetable, as 
animal life 4: I might alſo peak of, even the 


though all thiſtles ſerve to this purpoſe. Next to thiſtles are hop- 
firings, cut after the flowers are gathered. Plants that are thorny and 
prickly, ſeem to afford the beſt and moſt ſalt. Merret' $ Obſervations 
on a Anton. Ner. pe 265. 


ſerved ſomething very like this: in many of which, there are divers 
great and ſmall ribs, almoſt like ivy, only united to the body, run- 


again into branches, leaves, and fruit. See what Dr. Beal hath ip 


atomy of vegetables, it is too long a ſubject for this place, and there- ; 


kind. 
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: 


I might alſo ſurvey here the curious ang. 


ve ry 


Quid majora ſequar? Salices humileſque geniſtæ, 
Aut illz pecori frondem, aut paſtoribus umbram 
2 Sufficiunt, 3 ſatis, et pabula melli. 
0 Georg. I. 2. ver. 434. 


* Pr. Beal, who was very curions, and tried many experiments | 


upon vegetables, gives ſome good reaſons to imagine, that there is 
a direct communication between the parts of the tree and the fruit, 
ſo that the ſame fibres which conſtitute the root, trunk, and boughs, 


are extended into the very fruit. And in old hornbeans, I have ob- 


ning from the root up along the outſide of the body, and terminat- 
ing in one ſingle, or a few boughs : which bough or boughs ſpread 


But as to the CASO 8 and other parts relating to the an- 


fore I ſhall refer to Seign. Malpighi's and Dr Grew? s labours in this 


. 1 m re ſpirationis necefſitas; et uſus, ut natura in fingulis 


0 viventium ordinibus voria, lcd analoga, paraverit inſtruments, 
6 quæ 
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very covering they are provided with, becauſe i it 
is a eurious work in reality, although leſs ſo in 
appearance z and much more therefore might 1 be: 
ſurvey the neat variety and texture of their leaves, 
the admirable finery, gaiety, and fragrancy of 
their 


« que pulmones vocamus Cand ſo he goes on with obſerving che 
4 apparatus made in the various genera of animals, and then faith, | 

« In plantis vero, quz infimum animalium attingunt ordinem, tan- 
(4 tam trachearum copiam et produttionem extare par eſt, ut his 
«© minime vegetantium partes præter corticem irrigentur.——Plantz 
igitur, ut conjectari fas eſt, cum ſint viventia, viſceribus infixa 
© terrz, ab hac, ſeu potius ab aqua et acre commixtis et percolatis a 
© terra, reſpirationis ſuæ materiam recipiunt, ipſarumque tracheæ ab 
C halitu terræ, extremas radices ſubiogreſſo, — Malpig. Op, 
Anat. Plant. P. 15. 


Theſe bin: or air-veſſels, are viſible, and appear very pretty 
in the leaf of ſcabious, or the vine, by pulling aſunder ſome of its 


Principal ribs, or great fibres; between which, may be ſeen tbe 


ſpiral air-veſſels, like threads of cobweb a little uncoiled; a figure 
whereof, Dr. Grew hath given us in his Anat. Plant. fig. 51, 52. 


As to the curious coiling, and other things relating to the ſtruc» 
ture of thoſe air-veſſels, I refer to Malpighi, P. 14. and Dr. Grew, 
ib. 1.3. c. 3. ſect. 16, &c. and 1.4. c 4 {cEt. 19. of Mr. ys wow 
them ſuccinctly. Hiſt. Plant. L I. c. 4. 


T Concerning the leaves, I ſhall note only two or three things : 
1. A5 to the fibres of the leaf, they ſand not in the ſtalk, in an even 
lize, but always | in an angular, or circular poſture, and their vaſcu- 
lar fibres or threads are J» 5, or 7. The reaſon of their poſition 
thus, is for the more ere& growth and greater ſtrength of the leaf, 
Aas alſo for the ſecurity of its ſap. Of all which, ſee Dr. Grew, I. 1. 
e. 4. ſcct. 8, Kc. and J. 4 par. 1. c. 3. alſo tab. 4, fig. 2, to rr. 
Another obſervable in the fibres of the leaf, is their oreeily poſi- 

| tion 
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124 - ANATOMY OF VEGETABLES. 
their flowers*, I might alſo inquire into the wons | 

derfu 
tion, ſo as to take in an eighth part of a circle, as in mallows ; in 


ſome a tenth, but in moſt a twelfth, as in holy-c ak; or a fixth, as 
in n ſyringo. Id. ib. tab. 46, 47- 


2. The art in folding up the leaves before the eruption of their 


gems, &c. is incomparable, both for its elegancy and ſecurity, viz. 


© In taking up, fo as their forms will bear, the leaſt room; and in 


being fo conveniently couched as to be capable of receiving pro- 


* teCtion from other parts, or of giving it to one another, e. g. firſt, 
© there 1s the bow-lap, where the leaves are all laid ſomewhat con- 
8 vexly one over another, but not plaited—but where the leaves 


are not fo thick ſet, as to ſtand in the bow-lap, there we have the 


« plicature, or the flat- lap; as in roſe-trees, &c. And fo that cus. 
rious obſerver goes on ſhewing the various foldings, to which he 
gives the names of the duplicature, multiplicature, the fore-rowl, 
back-rowl, and tre-rowl, or treble-rowl, Grew. ib. |. | . . "4 


fect. 14, &c. To theſe he adds ſome others, J. 4. P. 1. c. 1. ſect. 


Conſult alſo Malpig. de Gemmis, p. #6; Kc. 


To theſe curious foldings, we may 24d another | noble guard by 


the interpoſition of films, &c. of which Dr. Grew faith, there are 


about fix ways, Viz. leaves, ſurfoils, interfoils, ſtalk, hoods, and 


mantlings. Grew, ib. and tab. 41, 42. Malpig. ib. 


In the flower may be conſidered the 3 as Dr. Grew, 


the calix, or perianthium, as Mr. Ray and others, call it, deſigned 


to be a ſecurity, and bands to the other parts of the flower. Floris 
« velut baſis et fulcimentum eſt.” Ray Hiſt. I. 1. c. 10. Flowers, 
whoſe petala are ſtrong, as tulips, have no calix. Carnations, 
whoſe petala are long and ſlender, have an empalement of one 
piece: and others, ſuch as the knap-wecds, have it conſiſting of 
ſeveral pieces, and in divers rounds, and all with a counter-change- 
able reſpect to each other, for the greater ſtrength and {ceurny of. 


themſelves, and 1 petals, &c. they include. 
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derful generation and make of the ſeed J and 


the great uſefulneſs of their fruit : « | might ſhew 
that the rudiments and lineaments of the parent- 
vegetable, though never ſo large and ſpacious, 


| is locked up in the little compaſs of their fruit or 
ſeed, though ſome of theſe ſeeds are ſcarce viſible 
to the naked eye. And foraſmuch as the per- 


petuity 


The next is the foliation, as Dr. Grew, the petala, 6 folia, as | 


Mr. Ray, and others. In theſe, not only the admirable beauty, and 


juxuriant colours are obſervable, but alſo their curious foldings i in 
the calix, before their expanfion. Of which Dr. Grew hath theſe 
varieties, viz. the cloſe- couch, as in roſes; the concave- couch, as 
in blattaria flore albo; the ſingle- plait, as in peaſe bloſſoms; the 
double-plait, as in blue- bottles, &c. the couch and plait rogether, 
as in marigolds, -&c. the rowl, as in ladies-bower : the ſpire, as in 


mallows; and laſtly, the plait and ſpire together, as in convolvn- ; 
tus doronici folio. Lib. 1. cap. 5. ſect. 6. and tab. 54. 


Ast to the ſtamina with their apices, and the ſtylus, called the 
attire, by Dr. Grew, they are admirable, w hether we conſider their 
colours, or make, eſpecially their uſe, if it be as Dr. Grew, Mr. 


| Ray, and others imagine, namely, as a male ſperm, to impregnate 
and fructify the ſeed. Which opinion is corruborated by the ingeni- 


ous obſervations of Mr. Samuel Moreland, in Phil. Tranſ. No. 287. 


+ Reliqua uſus alimentique gratia genuit (natura) ideoque ſe- 
* cula annoſque tribuit iis. Flores vero odoreſque in diem gignn : 


magna, ut palam eft, admonitione hominum, quz ſpeciatiflime 


As to the curious and gradual proceſs of nature in the formation 
af the ſeed or fruit of vegetables, cuts being neceſlary, J Qull refer 


to Dr. Grew, P- 45, and 209, and Malpig. Pe 57. 


Vetus eſt Empedoclis FRA plantarum ſemina ova- effe, ab 
* iiſdem decidua—Ineſt in eo (ono vel ſemine) velut in cicatrice, 
* Ron. 
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© non ſola viventis carina, ſed cum minimo trunco aſſurgentez 

partes, gemma ſcilicet, et inſignes radicis cannas,? &c. Malp. ib, 
p. 81. Vide plura i in tract. de Sem. 188. P- 14. et paſſim. 
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In Malpighi” s life, a debate may be ſeen 3 him and Scig, 
Triumphetti, the provoſt of the garden at Rome, whether the 
whole plant be actually in the ſeed. The affirmative is maintained 
by Malpighi, with cogent arguments; among which, this is one: 
Noa præoccupata mente, oculis microſcopio armatis, luſtret quæ- 
ſo phaſeolorum ſeminalem plantulam nondum ſatam, in qua folia 
a ſtabilia, hæcque ampla evidenter obſervabit; in eadem pariter 
gemmam, nodos, ſeu implantationes varias foliorum caulis de. 
£ prehendet. Caulem inſignem fibris ligneis, et utriculorum ſcriebus 

_ © conſtantem conſpicue attinget. And whereas Seig. Trumphetti 
had objected, that Vegetatione, metamorphoſi, inedia plantas in 
alias degenerare, ut exemplo plurium (conſtat) præcipue tritici 
in lolium, et lolii in triticum verſi.“ In anſwer to this, which is 
one of the firongeſt arguments againſt Malpighi's aſſertion, Mal- 
pighi replies, Nondum certum eft de integritate, et ſucceſſu ex- 

_ © perimenti, nam facienti mihi, et amicis, tritici metamorphoſis non 
ceſſit. Admiſſa tamen metamorphoſi, quoniam hœc neglecta cul- 
_ © tura, aut vitio ſoli, aut aeris contingit—ideo ex morboſo et mon- 
s ſtruoſo affeftu non licet inferre permanentem ſtatum a natura in- 
tentum. Obſervo plantas ſylveſtres cultura varias reddi,“ &c. 1 
have more largely taken notice of Malpighi's anſwer, becauſe he 
herein ſhews his opinion about the tranſmutation of 2 
e Vide * Vit. p- 67. | 
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5 80 Mr. 1 after his nice obſervations of an n orange- 
kernel, which he made to germinate in his pocket, &c. concludes, 
Thus we ſee, how ſmall a particle, no bigger than a coarſe ſand, 
© (as the plant is repreſented,) is increaſed, &c. A plain demon- 

© ftration, that the plant, and all belonging to it, was actually in 

| © the ſeed, in the young plant, its body, root, &c. Philoſ. Tranſ. 
No. 287. See alſo Raii Cat. Cant. in Acer maj. from Dr. High- 
more. But in all the ſeeds which I have viewed, except the maple, | 
the plant appears the plaineſt to the naked 77 and alfo ver ele- 
gant, in the nux vomica. 
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the great God of nature hath taken for the con- 
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petuity and ſafety of the ſpe ci es d ep en ds upon tha 


| fafety of the ſeed and fruit in a great meaſure, 1 


might therefore take notice of the peculiar care 


ſer- 


Natura non obſervat magnitudinis proportionem inter ſemina 


get plantas ab jiſdem ortas, ita ut majus ſemen majorem ſemper 
- © producat plantam, minus minorem. Sunt enim in genere her- 
« barum non pauca, quarum ſemina arborum nonnullarum ſemini- 
bus non dico zqualia-ſunr, ſed multo majora. Sic v. g. ſemina 


fabæ, &c. ſemina ulmi, Ec. multis vieibus 3 ſuperant. 1 


bai, ubi ſupra, I. 1. c. 7; 4 


© Pilicem reliquaſque capillares herbas ſemine carere veteres 
« plerique——prodidere ; quos etiam ſecuti ſunt e recentioribus 


* nonnulli, Dodonzus, &c. —Alii e contra, Bauhinus, &c. Fili- 


© ces et congeneres ſpermatophoras eſſe contendunt; partim quia 


© hiſtoria creationis, Gen. ii. 12. &c.——hanc ſententiam veriſſi- 


mam eſſe - autopſia convincit.” Fredericus Cæſius, he faith, was 
che firſt that diſcovered theſe ſeeds with the help of a microſcope. 
And fince him, Mr. W. — hath more critically obſerved them. 
Among other things obſerved by that ingenious gentleman, are 
wo © Pixidulz ſeu capſulæ ſemina continentes in pleriſque hoc 


genus plantis perquam exili granulo arenz vulgaris cinerez plus 


duplo minores ſunt; imo in nonnullis ſpeciebus vix tertiam quar- 
« tamye arenulæ partem magnitudine æquant, veſicularum quarun- 
dam annulis aut faſciolis vermiformibus obvolutarum ſpeciem 
exhibentes. Nonnullz ex his veſiculis 100 circiter ſemina con- 


_ * tinere deprehendebantur—adeo eximia parvitate ut nudo culo 
_ © prorſus eſſent inviſibilia, nec nifi microſcopii interventu detegi 


© poſſent.—Oſmunda regalis, quæ aliis omnibus filicis ſpeciebus 
* mole—antecellit—vaſcula ſeminalia obtinet æquæ cum reliquis 
* congeneribus magnitudiais—quorum immenſa et viſum fugiens 
* parvitas cum maguitudine plantz collata—adeo nullam gerere 
* Proportionem invenietur, ut tantam plantam e tantillo ſemine pro- 

* duci attentum obſervatorem merito in admirationem rapiat.. Ray, 
ibid. I. 3. p. 132. This W. C. was Mr. Wil. Cole, as he owneth 
in a letter I have now in my hands of his to Mr. Ray, Oct. 1654, 
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ſervation and ſafety hereof : as particularly | in 

fuch as dare to ſhew their heads all the year; bow 
ſecurely their flower, ſeed, or fruit is locked up 
all the winter, together with their leaves and 
branches, in their gems », and well fenced and 
covered there with neat and cloſe tunics. And for 
ſuchas dare not ſo to expoſe themſelves, with what 
fafety they are perſerved under the coverture 6f | 
the earth, in their root *, ſeedy, or fruit, till in- 
vited 


» © Vegetantium genus, ut debitam magnitudinem Raise et 
«* ſux mortalitatis jacturam ſucceſſiva prolis eductione reparet, ſtatis 
temporibus novas promit partes, ut tandem emergentes uteri, re- 
« centes edant ſoboles. Emanantes igitur a caule, caudice, ramis, | 
| © et radicibus novellæ hujuſmodi partes, non illico laxatæ exten - 
duntur, fed compendio quodam coagmentatæ intra folii axillam 
cubantes, non parum ſubſiſtunt, gemmæ appellantur,” &c. | And 
then that great man goes on to ſhew the admirable various methods 
of nature, in repoſiting, in that little compaſs, ſo large a part ofa 
tree or plant, the curious ſtructure of the gems, the admirable guard 
2 them, and the leaves, flowers, and ſeed contained in them, 

Of which having taken notice before, I paſs over it now, and 
= refer to our author Malpighi, and Dr. Grew, in the pu 
cited in note Þ . 122, and note s, P- 224. 5 


* Of bulbous, and a great many more, probably of the far 
greater number of perennial roots of herbs, as arum, rape, crowfoot, 
Kc. it is very obſervable, that their root is annually renewed, or re- 
paired out of the trunk or ſtalk of itſelf ; that is to ſay, the baſis of 
the ſtalk continually and by inſenſible degrees deſcending below 
the ſurface of the earth, and hiding itſelf therein, is thus both in 
rature, place, and office, changed into a true root. So in brown- 
vort, the baſis of the ſtalk ficking down by degrees, till it lies under 
ground, becomes the upper part of the root: and continuing ftill 
to fark, the next year becomes the lower part: and the next after 
| that, 
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others, to cloſe themſelves up- upon the touch 


P 


| that ak Bites « a 


| plark vid. 


more than any other, i is manifeſt from their rotting, drying, or be- 
ing rendered infecund in the waters, or the air; but in the earth 


8 annos refiduis etiam prolificis. Ray. Hiſt Pl. I. 2. c. 13. 


* er velut marceſcunt ; quod idem ab acre frigidiore admifſo patiun- 
7 tur.“ 2 Hiſt. Pl. T. 1. . 18. App. A. 2. nn. : 


-» 


Yited « out OR the kindly warmth of the "ſocio 1 
And When the whole vegetable race is thus cal- 
led out, it is very pretty to obſerve the methods 
of nature in guarding thoſe inſenſitive creatures 
againſt harms and inconveniencies, by making 
ſome, for inſtance, to lie down proſtrate, and 


of animals, andthe moſt to ſhut up their flowers, 


new addition wi ill yearly ads out of the 
flalk, as the elder parts yourly rot aA. Grew. ib. I. a, p. 59+. ubi n 


L 7 How Gafe and EY p confervatory the am to 3 | 


their vigour is long preſerved. Thus of ſeeds particularly, Mr. 
| Ray thinks, ſome may probably retain their fecundity for ten years, 
mud otliers loſe it in five; but, ſaith he, In terre gremiolatitantia, 
| * quamvis tot caloris, Frigoris, humoris et ficciratis varietatibus ib'= 
dem obnoxia, diutius tamen, ut puto fertilitatem ſuam tuentur 
* quam ab hominibus diligeatiffime cuſtodita; nam et ego et alii ante 
3 me multi obſervarunt ſinapeos vim magnam enatam in aggeribus 
* foſſarum recens factis inque areis gramineis eſſoſſis, ubi poſt hota- | 
” inum memoriam nulla unquam finapeos ſeges ſuccreverat. Quam 
tamen non ſponte ortam fuſpisor, ſed e ſeminibus in terra per tot 


„ plante — zſthanomenz veteribus Ad, 3 BE 
viv, et ſeaſitivz, et mimoſz, haud obſcura ſenſus indicia pro- 

* dunt; fiquidem folia earum manu aut baculo tacta, et paululum 
- * comprefla, pleno etiam meridie, ſplendente ſole, illico ſe contra- 
hunt; in noanullis etiam ſpeciebus cauliculi teneriores concidunt 
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their. down , 
cloſe and . of the evening, by means of rain, 


or other 1 matters that may be PR to > the 


Il have obſerved that many, if not moſt vegetables, do expand | 
their flowers, down, &c. in warm, ſun-ſhiny weather, and again WW 
cloſe them towards evening, or in rain, &c. eſpecially at the be- 

ginning of flowering, when the ſeed is young and tender; as s 
"manifeſt in the down of dandelion, and other downs; and emin- 
_ ently in the flowers of pim-pernel; the opening and ſhutting of | 
which, are the countryman's weather-wiſer ; whereby Gerard faith, 
be foretelleth what weather ſhall follow the next day; for faith he, 
| © Tf the flowers be cloſe ſhut up, it betokeneth rain and foul wea- 


. © floris; quem noctu comprimens, aperire incipit ſolis exoriu, 


or VEGETABLES. 
_ 1 


or other their like add; upon A* 


Au now to theſe exnkderatiaia relating to the 


: ſeed, I might add the various ways of nature in 

_ diffipating and ſowing it, ſome being, for this 
end, winged with light down, or wings, to be 

f conveyed about by the winds; others being laid 
in elaſtic, ſpringy caſes, that when they burſt and 
crack, dart their ſeed at convenient diſtances, per · 
forming thereby the part of a good huſbandmanꝰ; 


others 


© ther, contrarywiſe, if they be ſpread abroad, fair weather. Ger. 


Herb. b. 2. c. 183. 


Et et alia [arbor in Tylis] fimilis, foliofior tamen, roſeiqe i 


* meridic expandit. Incolæ dormire eam dicunt,” Plin. Nat. Hiſt 


L 12. C. 11. je : 


ve i "APE e what focal . 
4 ins being duly fown ; not only in the oqening of the 7 
| - 
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5 others by air agreeable _ and ſmell; and 
3 ſalutary 
© alfo in the make of the ſeed itſelf. For, firſt, the ſeeds of many 


plants, which affect a peculiar ſoil or ſeat, as of arum, poppy, &c. 
are heavy and ſmall enough, without farther care, to fall directly 


© down into the ground But if they are ſo large and light, as to 


i be expoſed to the wind, they are often furniſhed with one or more 
| © hooks, to ſtay them from ſtraying too far from their proper place 
80 the ſeeds of avens have one fingle hook; thoſe of agri- 


« mony and gooſe-graſs, many; both the former loving a warm 


dank; the latter, an hedge for its ſupport. On the contrary, 
many ſeeds are furniſhed with wings or feathers ; partly with the 


. * help of the wind to carry them, when ripe, from off the plant, as ; 


of aſh, &c.—and partly to enable them to make their flight more 
© orleſs abroad, that ſo they may not, by falling together, come up 
© too thick; and that if one ſhould miſs a go 
may hit. So the kernels of pine have wings—yet ſhort—whereby 
they fly not into the air, but only flutter upon the ground, But 
| © thoſe of typha, dandelion and moſt of the pappous kind—have 
© Jong numerous feathers, by which they are wafted every way.— 
Again, there are ſeeds which are ſcattered not by flying abroad, 
but by being either ſpii ted or flung away. The firſt of thoſe are 
* wood-ſorrel, which having a running root, nature ſees fit to ſow . 
© the ſeeds at ſome diſtance. The doing of which is effected by a 
© white ſturdy cover, of a tendinous or ſpringy nature. —This : 
cover, ſo ſoon as it begins to dry, burſts open on one fide, in an 
_ © inftant, and is violently turned inſide outward—and ſo ſmartly 
© throws _s the ſeed. The feed of harts-tongue is flung or ſhot 
© away by the curious contrivance of the ſeed- caſe, as in cod- 
ed in; only there the ſpring moves and curls inward, but 
here outward ; viz. every ſeed caſe—is of a ſpheric figure, and 
5. * girded about with a ſturdy ſpring—The ſurface of the ſpring re- 
ſembles a fine ſcrew.—ſo ſoon as—this ſpring is become fark 
© enough, it ſuddenly breaks the caſe into two halves, like two 
_ © little cups, and ſo ſlings the ſeed.” Grew, ib. p. 199. and in tab. 
72, all theſe admirable artifices are handſomely repreſented. - 
WH 1 3 BN”: Qin | 


d ſoil or bed, another | 
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falutary nature, inviting themſelves to be fal- 


« a foliis in ſubjectam chartæ mundz—ſchedain decutiatür, deter- 


« plurimis una diſpilientibus, et ſibi invicem allifis; acervvlus varie 
© mover] per partes videbituĩ non ſetus ac fi ſyrenibus aut iſtiuſmo- 
di beftiolis repletus efſet—quin ſi locus tranquillus fit, aure proxi- 
me admota, erepitantium inter rumpendum vaſculorum ſonitus 
4 percipietur ; et 6 microſcopio chartam oculis obertes, ſemina per 
eam undique ſparſa, et ad notabilem ab acervo diſtantiam propecia 
1 * 2 p. 134. N 


M for the ſeed-veſſels being the beſt preſerver of the ſeed, it is there 
© kept from the injuries of air and earth, till it be rainy, when it is à 
© proper time for it to grow, and then it is thrown round the earth, 
las grain by à ſkilful ſower.—When any wet touches the end of the | 
ſeed · veſſels, with a ſmart noiſe and ſudden leap, it opens itſelf, and 
with a ſpring, ſcatters its ſeed to a pretty diſtance round it, where it 


OE 


4 flore eceruleo, cc. or marr 


1 here, whoſe cods fly open, and dart out their ſeed, upon a 
ſmall touch of the hand. But the moſt remarkable inſtance is in 
' the cardamome impatiens, Cujus filiquz, faith Mr. Ray, vel levitet 
tactæ, actutum ejaculantur [ſemina] imo quod longe mirabilius | 
K videtur, etſi filiquas non tetigeris, fi tamen manum velut tacturus 


nne Of which I ſhall give an inſtance from 


" # their ſecd hath been diſcovered, and ſhewed nie firſt, by the in-' 


ps Pat 


„ 


0 Quin f duantitäs modita ſeminum [ filicis phyllitidi — 


« gaturve, et deinde in acer vum converratur, veſicularum ſeminalium 


L The b contrivance of nature in this plant i 1 moſt pains 


© grows.” Dr. Sloane Voy. to Jamaica, Ps 150: of — 


Te planes of the cardamore family, and . ha i 


© proxime admoveas, ſemina in appropinquantem evibrabunt ; quod 
tum Moriſonus ſe ſæpius expertum ſcribit, tum Johriſtonus apud 
2: Gerardum verum eſſe afhrmar.” Hiſt. Plant. l. 16. c. 20. << 

Neither is this proviſion make only for land vegetables, bt fot 


my before-commended friend, Dr. Sloane: As to the fuci 


duſtry 


or VEGETABLES, RT 133 


. lowed and carried about by the birds, and there- 
by by alte ne. by * through their bodies; 


« 4 of the — herbariſt, Mr. Sam. Day, ew found 
on many of this kind, ſolid tubercules, or riſings, in ſome ſeaſons, 
herein were lodged ſeveral round ſeeds, as big as muſtarg-ſeed, 
| 4 which, when ripe, the outward membrane of the tybgreuje break- 

M ing, leaveth the ſeed to float up and down with the waves. The 

e ſeed coming near ſtones, or any ſolid foundation, by means of a 
mmutilage it carries with it, ticks to them, and ſhoots forth ligulz 

with branches, and in time comes to its N and * 5 
Sloan. . ä P- $% : 


But although Mr. Doody had hinted, and conjeftured' at the * 
yet the firſt that diſcovered the ſeeds in fuci was the before · com · 


Mr. Ray ſaith in his Synopf, Stirp. Brit. p. 6. with his Append. 
Hiſt. p. 1849. Beſides which fuci, the Dr. tells me, he obſerved 
veſſels and ſeed in carolloid ſhrubs, as alſo in ſeveral fungi, not only 
in the ſpecies of crepitus lupi, but alſo between the lamellæ of other 

| ſpecies, and in that ſubterraneous kind called truffles, whoſe feed 
and veſſels open in the cortex, at ſome . he ſaith, like that of 5 
mallows i in rape, 


0 to the crepitus lupi, I have more than once examined their 
powder, with thoſe excellent microſcopes of Mr, Wilſon's make: but 


found the ſeeds to be fo many exceeding ſmall puff balls, with round 
heads, and longer than ordinary ſharp pointed ſtalks, as if made on 
purpoſe ta prick eaſily into the ground. Theſe ſeeds are intermixed 
with much duſty matter, and become hurtful to the eyes, probably 
by their ſharp ſtalks pricking and wounding that tender organ. 


1 The ancient naturaliſts do generally agree, that miſſeltoe is pro- * 
f pagated by its ſeeds carried about by, and paſſing through the body | 
Bo birds. Thus Theophraſtus, de Cauſ. Plant. I. 2. c. 24. Td 
: 0 ard ric zi han, & c. Initium vero a paſtu avium ;—quippe viſco 


1 3 


mended Dr. Tancred Robinſon ; as may be ſeen by comparing what 


the moſt ſatis factory view Mr. Wilſon himſelf gave me; by which I 
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bhuſbandman and gardener carefully to  fow and 
nurſe them up. 


tion and conſervation of the ſpecies of vegetables 


detracto conſectoque in alveis, quod frigidifimum eſt, ſemen eum 


© ftercoris cauſa pullulat, erumpitque,” &c. So alſo Pliny faith, viz, 


I 


natura, ut nifi maturatum in ventre avium, non proveniat.” Plin, 

Hiſt. I. 16. c. 24. Whether what Theophraſtus and Pliny afficm, 
be conducive to the better fertilizing the ſeeds of miſſeltoe, I know 

not; but that it 18 not of abſolute neceſſity, I can affirm upon mine 


of oak. But although they ſhot above an inch, and ſeemed to root 


not. But I fince find the matter put out of doubt by Mr. Doody ; 


Tavernier faith was confirmed to him by perſons that lived many 
years in thoſe parts; whoſe relation was ; the nutmeg being ripe, 


' whole, but are forced to throw it up again, before it be digeſted : and 


thrive, was It planted, Tavern. of the Commod. of the Great 


„ or VEGETABLES. 


and others not thus taken care of, do many of 
them by their uſefulneſs in human life, invite the 


MONT Bol: 5 2 


Jo this ſo fingular a care about the propoga. 
1 might 


excremento purum dimittitur, et facta mutatione aliqua in arbore 


Omnino autem ſatum [viſcum] nullo modo naſcitur, nec niſi per 
alvum avium redditum, maxime palumbis ac turdi. Hzxceſt 


own experience, having ſeen the ſeeds germinate, even in the bark 


in the tree, yet they came to nothing, whether deſtroyed by ants, &c. 
which I ſuſpected, or whether diſagreeing with the oak, I know 


which ſee | in Mr. . $ Hiſt. Plant. Appen. p. 1918. 


SEVER are ſaid to be fertilized after the * manner Ty 


ſeveral birds come from the iſlands toward, the ſouth, and devour it 


that-the nutmeg, then beſmeared with a viſcous matter, falling to 
the ground, takes root, and produces a tree, which would never 


Mogul. And monſieur Thevenot, in his travels to the Indies, gives 
this account: the tree is produced after this manner; there is a kind 
of birds in the iſland, that having picked off the green huſk, ſwal- 


; - . 
© 


1 anda add the nice a: chad is:made for 


their ſupport and aid, in ſtanding and growing, 
that they may keep their heads above ground, 
and not be rotted and ſpoiled in the earth them-' 


ſelves, nor thereby annoy us; but, on the con- 
trary, miniſter to all their ends, and our uſes; to 
ppt us en ne * * * cloth- 


7 


low hea nuts, hich, FRI, hems ſome time in \thels FIR we I 
void by the ordinary way; and they fail not to take rootipg in che | 
place where they fall, and in time grow up to a tree. This bird | is 

ſhaped like acuckow ; and the Dutch prohibit their ſubjects, under 5 
pin of death, to * v . Vide Sir T. n Nat. 
Hiſt. 


But Mr. Ray gives a OPER different account 3 Hanc kractam 


4 [nucem Moſchatam] variæ quidem aves depaſcuntur, ſed maxime 

* columbz genus album et parum, quæ dehiſcente nucamento, illec- 
© tz ſuavitate macis, hanc cum nuce eripiunt et deyorant, nec nifi 

8; repleta ingluvie capaciſſima ſaginam deſerunt. Noſtrates ibi merca- 
© tores columbis iſtis nut- eaters five nucivoris nomen impoſuerunt. 
Quas autem vorant nuces, poſt integras per alvum reddunt. Red- 

d ditæ citius deinde germinant utpote præmaceratæ fervore ventriculi. 
Arbores inde natæ ceu præcociores, facile ſunt corruptioni obnoxiz 
fructumque ferunt cxteris multo viliorem, et hac cauſa neglectum 
1 coatemtum due. præter macin, quam ad 8 — 
s e adhibent. 4 „ Hiſt, Thame, . 7. 6 0 


P Arbores blandioribus fruge ſaccis hominem — Ex 


: « iis recreans membra olei liquor, vireſque potus vini; tot denique 

©* ſapores annui ſponte venientes : et menſæ, depugnetur licet earum 
_ © cauſa cum feris, et paſti naufragorum corporibus piſces expetantur, 
© etiamnum tamen ſecundz, Mille præterea ſunt uſus earum, fine 


quibus vita degi non poſſit. Arbore ſulcamus maria, terraſque 


= © admovemus, ar bore cxibtificamus refta,” Plin. Nat. Hiſtory 


"þ, 12. Co 2s | 
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On VEGETABLES, | 


ing, yea, e too, by the 2 of der | 
| looks, by the fragtancy of their ſmell, by crea. | 
ting us pleaſant ſhades againſt the ſcorching 
beams of ſummer, and {kretving us againſt * | 
3 ae, and cold of winter * $4 16 4 


ö 


And | it is very. obſervable ; W ad etc pro- 
viſions are made for this purpoſe of their ſupport = 


and ſtanding, both i in ſuch as ſtand by their own | 


ſtrength, and ſuch as need the help o of others. In 5 
ſuch as ſtand by their own ſtrength, it is by means 
of the foyer and i more — Fm wm 


2 Fu 


[4 


- Ia ufus latiflime patet, et in omni vitz parte occurrit. 
„Sine illis laute, fine illis commode non 'vivitur, at nec vivitur 
* omnino . quæcunque ad victum neceſſaria ſunt, quzcungue ad de- 
« licias faciunt, e locupletiſſuno ſuo penu abunde ſubminiſtrant. 
> Quanto ex iis menſa innocentior, mundior, ſalubrior quam er £ 
* animalium cæde et laniena? Homo certe natura animal carnivorum 
non eſt; nullis ad prædam et rapinam armis inſtructum, non den- 
« tibus exertis et ſerratis, non unguibus aduncis. Manus ad fruftus 
colligendos, dentes ad mandendos comparati. Non legimus ei 
* ante diluvium carnes ad eſum conceſſas. At non victum tantum 
nobis ſuppeditant, ſed et veſtitum, et medicinam, et domicilia, 
aliaque zdificia, et navigia, et ſupelleilem, et focum, et oblec- he 
tamenta fenſuum animique : ex his naribus odoramenta et ſuffu- 
* migia parantur. Horum flores inenarrabili colorum et ſchematum 


* rarietate, etelegantia, oculos exhilarant, ſuaviſſima odorum quos _-— 


* expirant fragrantia ſpiritus recreant. Horum fructus gulæ r- 
© brz menſas ſecundas inſtruunt, et languentem appetitum excitant. 
Taceo virorem amoeniſſimum oculis amicum, quem per prata 
* paſcua agros, ſylvas ſpatiantibus obficiunt, et umbras quas contra 

_ © zftum et ſolis ardores præbent.“ Ray, ib. I. . c. 24. p. 46. 


er VEGSTANLES: mn 


ant to the bones i in animals, being "OY not in- 
kg as bones; * | becauſe they would then be 
apt to break; but of a yielding elaſtic nature, to 
TS ſcape and dodge the violence of the winds, and by 
means alſo of the branches ſpreading handſomely 
and commodiouſly about, at an angle of about 452 
Fx. by which means they equally fill up, and at 
the ſame time make an 8 of the 
top e r 


Abd as wr ſuch bse as are weak, ini not 
able to ſupport themſelves, it is a wonderful 
| faculty they have, ſo readily. and naturally to 
. make uſe of the e * thei" e em- 


© bracing 


7 All vegrablen of + tall pd pred bee rom fe b = 
= natural tendency to a hemiſpherical diliatation, bur general * 
. an angle of 90? g7. 26 beingehs moſt beceming. 
and uſeful diſpoſition of its parts and branches. Now, the ſhorteſt 
way to give a moſt graceful and uſeful filling to that ſpace of dilat= _ 
ing and ſpreading out, is to proceed in ſtrait lines, and to diſpoſe of 
thoſe lines in a variety of parallels, & 
rantal ſpace, &c. there appears but on way poſſible, and that is, to 
form all the interſections, which the ſhoots and branches make, with 
angles of 45 gr. only. And I dare appeal to all, if ir be not in this 
manner, almoſt to a nicety obſerved by nature, &c. A viſible 
argument that the plaſtic capacities of matter are governed: and. di. 
poſed by an all- wiſe and infinite agent, the native ſtrictueſſes and 
regularities of them plaioly ſhewing from whoſe hand they come. 
Account of the Origin and Formation of Foſſils, * 
A, 705. p- 15 4 * | 


: 


And to do that in a quads 


4 e on VEGETABLES; a 


bracing Wan up upon n them 5,” and rifing 

them as crutches to heir feeble bodies: ſome bỹ7 
their odd convolving faculty, by twiſting them. 

ſelves like a ſcrew about others; ſome advancing 
themſelves: by catching and holding with their 
curious claſpers and tendrils, equivalent to the 
bands; ſome by ſtriking in: their rooty feet; and 


1 2 % ” . 
: 


2 In Hedera, furculi et rami hinc inde clavieulos, quaſi radi- 
culas emittunt, quz parietibus, vel occurrentibus arboribus veluti 
_ © digitis ftrmantur, et in altum ſuſpenduntur. Hujuſmodi radiculz 
« ſubrotundæ ſunt, et pilis cooperiuntur ; et quod nurum eſt. 
glutinoſum fundunt humorem, ſeu terebinthinum, qua arcte lapi- 
© dibus neftuntur et agglutinantur. Non min ori induftria natura 
utitur in vite Canadenſi &c. The admirable and curious make of 
_ whole tendrils and their feer, ſee in the illuſtrious author, Malpig. de 
| ** &c. p. . "I 


3 - Claſpers are era — abs; between that of a root 1511 89 
trunk. Their uſe is ſometimes for ſupport only; as in the claſpers | 
of vines, briony, &c. "whoſe branches being long, ſlender, and 
fragile; would fall by their own weight, and that of their fruit ; but 
theſe claſpers take hold of any thing that is at hand; which they do 
by a natural circumvolution which they have; (thoſe of briony 
have a retrograde motion about every third circle, in the form of à 
double claſp; ſo that if they miſs one way, they may catch the 
other.) Sometimes the uſe of elaſpers is alſo for a ſupply, as in the 
trunk · roots of ivy; which being a plant that mounts very high, and 

being of a cloſer and more compact ſubſtance than that of vines, ne 
ſiap would not be ſufficiently ſupplied to the upper ſprouts, unlem 

theſe aſſiſted the mother · root; but theſe ſerve alſo for ſupport too. 
sometimes alſo they ſerve for ſtabiliment, propagation, and ſhade; 
for the firſt of theſe ſerve the claſpers of cucumbers; for the ſecond, 
| thoſe, or rather the trunk roots of chamomile; and for all three 
the trunk -roots of Arawbernies. Harris Lex Tech. in verb. Claſpers. 


others. 


or Yxcerantis, thy 


others by the emiſſion of a natural glue; cloſely 
and firmly adhering to fomething or other that 

adminiſters ſufficient ſupport unto" them. All 
which various methods being ſo nicely accom· 
madated to the indigencies of thoſe helpleſs vege- 
tables, and not to be met with in any befides, is 
"3 manifeſt indication of their being the contriv- 
nee and work of the Creator, and that his in- 
finite wildem and care condeſcends, even to the 
ſervice, and well-being of the meaneſt, moſt 
weak, and helpleſs en * of the- era 
tion. 95 * 


5 "bn the laſt þ place; to othe uſes RG hinted at, 
1 might add a large catalogue of ſuch among 
vegetables, as are of peculiar uſe and ſervice to 
the world, and ſeem to be defigned, as it were, 
on purpoſe, by the moſt merciful Creator, for the 
good of man, or other creatures h. Among grain 
; J * name the great a of ſuch: as lexyes 


— 


is * Vegetables afford NET food to 1 but alſo phyße, if 

; it be true which Ariſtotle ſaith, and after him Pliny ; 0 which latter, 
in his 8th book, chap. 27. ſpecifies divers plants made uſe of as 
ſfmeciſics, by diverſe, both beaſts and birds: as dittany by wounded 
deer; celandine by ſwallows, to cure the ſore eyes of their young, 
ec. And if the reader hath a mind to ſee more inſtances of this . 
nature, many of them fanciful enough, he ay conſult Merſenne in 


bar 933. 


Ace before, book iv. chap. 11. f 


or VEGETABLES. | 


for bread, the gay culture and propagation there, 


of, and the agreement of every ſoil and climate 


to it. Among trees, and plants, I might inſtance. 
in ſome that ſeem to be deſigned, as it were, on 


| purpoſe, for almoſt every uſe * * and FppvFnicnce; 


* Planta hap unica : [aloe Abba} inquit Fr. Hernandez, a 


Auieduid vitz eſſe poteſt necefſarium præſtare facile poteſt, fi efſet 


agrorum uſum praſtat, caules tignorum, folia vero tecta tegendi 
imbricum, lancium: eorundem nervuli et fibre eundem habent 


95 aculei, ſubulæ, quibus perforandis auribus, macerandi cerporip 


_ © pratia, Indis uti mos erat cum dzmonum vacarent cultui ; item 
© aciculz, acus, tribuli militares et raſtilla idonea pectendis ſubteg · 
46 


minibus. Præterea e ſucco mananti, cujus evulſis germinibus in- 
* ternis foliiſve tenerioribus cultus [Yztlinis] i in mediam cavitatem, 


c ſtillat planta, unica ad 50 interdum amphorgs, quod diu eſt 
mirabile, vina, mel, acetum, ac faccharum parantpr {The me- 


thods of which be tells. Idem fuccus menſes ciet, alvum lenit 


* .. A; 


aſſa et affecto loco impoſita convulfionem curant, ac dolores leni- 


unt, præcipue fi ſuecus ipſe calens bibatur, quamvis ab Indica pro- 
« ficiſcantur lue, ſenſum hebetant, atque torporem inducunt. Raz 


CE : dicis fuccus luem Veneream curat apud Indos, ut Dr. Palmer. 


I Ray, ib. 1. 21. KS. See alſo Dr. Sloane” s Voyage to Jamaica, 


page 247. 


There are alſo two forts of alloe beſides, mentioned by the ſame 


Dr. Sloane, one of which is made uſe of for fiſhing lines, bow- | 
ſtrings, ſtockings, and hammocks. Another hath leaves that hold 


rain water, to which travellers, &c. reſort to quench their thyſt, 
in ſcarcity of wells, or Waters, in thols 0 countries. Ibid. p. 249- 


5 g 


4 


rebus humanis modus. Tota enim illa lignorum, ſepiendorumque 


| uſum ad linteamina, calceos, et veſtimenta con ficĩenda quem apud | 
* nos linum, cannabis, goſſipium, Kc. E mucronibus kunt clavi, 


£ urinam evocat, renes et veſicam emundat. E radice quoque reſtes 
fiunt firmiſſimæ. Craſſiores foliorum partes, truncuique, decocta 8 
0 ſubterra, edendo ſunt apta, ſapjunique citrea fruſta ſaccharo con- 
dita : quin et vulnera recentia mire conglutinant. —Folia quoque 


: 


* 


or vrekrartks. N 141 5 


* e to heal the moſt ſtubborn arid daigergve 
BH dGiſtempers}, L to alleviate and eaſe the pains ® of 
MW our poor infirm bodies, all the world over: ad 
come deſigned * the peculiar ſervice and good 

| of particular places, either to cure ſuch diſtem- 
pers as are peculiar to them, by growing more 
plenrifully | there than . or elſe to ob- 


viate as 


3 1 For inflance hank t ſhall name * cortex 8 which 
Dr. Morton calls / antidotus in levamen ærumnarum vitæ human 
I plurimarum divinitus conceſſa.“ De Febr. Exer. v. c. 3. 1a 
„ ſäanitatem gentium proculdubio a Deb O. M. conditus. Cujus 
4 gratia, arbor vitz, ſiqua alia, jure merito appellari poteſt. Id. ibs 
. 4. © Eheu! quot convitis Herculea et divina hac antidotus N 
5 32 * Ibid, 


'If's this (ir we may believe the Eph. 68 DRY 12. . Ob, 14. * ä 
ſome other authors) wg may add trifolium paludoſum, which! is de- 5 
8 come the panacea of the german 2 northern nations. 


** Pro doloribus quibuſcunque fadandis — ten 3 
ulus opium habetur; quamobtem merito Nepenthe appellari ſolet, 
7 er remedium vere divinum exiſtit. Et quidem fatis mirari vix 
poſſumus; quomodo urgente viſceris aut membri cujuſpiam tortura 
© jnfigni, et intolerabili cruciatu, pharmacum hoe, incantamenti 
| 7 jnftar, Icvamen et a ſubitam, immo interdum abſque 
© fomno, aut faltem prius quam advenerit, concedit, Porro adhue 
magis ſtupendum eft, quod donec particulz opiaticæ operari, et 
i potentiam ſuam narcoticam exercere continuant, immo etiam 
* aliquamdiu poſtquam ſomnus finitur, ſumma alleviatio, et indo - 


i lentia in parte aſſecla pony Willis, ns La. Par. 1. -fedt. 17 
*. 1. 2 15˙ 


as Tales plantarum ſpecies in quacunque regione 8 Deo creanrur 
-F quales hominibus et \Inimalidus ibidem natis maxim coaveniunt : 
4 . ; 5 imo | 


* 
a 
: 
" 


e ena ks 2 


viate dude inconvenience there, or to ſupply feuds 
conſtant neceſſity, or occaſion, not poſſible, or at 
leaſt not eaſy, to be ſupplied any other way o. It 
is, for inſtance, an admirable provifion made for 


imo ex plantarum naſcentium frequentia ſe fere animadvertere poſſe 

© quibus morbis [endemiis] quælibet regio ſůbjecta fit, ſcribit Sole» 

© nander, Sic apud Danos, Friſios, Hollandos, quibus ſcorbutus 

frequens, cochlearia copioſe provenit.” - ys Hiſt. Plant. I. 16. 
** 3. „ 


＋ o this may be added, Elſner's obſervations concerning the vir- | 
mes of diverſe things, in his Obſervations de Vincetoxico Scrophu- 
larum remedio. E. Germ. T. 3 obf. 57. | 


john Benorovieus, a obyfician of Dort, may be here conſulted, 
who wrote a book on purpoſe to ſhew, that every country hath every 
thing ſerving to its occaſions, and particularly remedies afforded to 
all the diſtempers it is ſubject unto. See Benor. AvTapxaa Batay, 
| Hive Introd. ad Medic. indigenam. © «© ' © 


„The deſcription Dr. Sloane gives of the wild- pine is, that its 5 


leaves are channeled, fit to catch and convey water down into their 


reſervatories; that theſe reſervatories are ſo made, as to hold much 5 
water, and cloſe at top when full, to hinder its evaporation; 
that theſe plants grow on the arms of the trees in the woods every 


vhere [in thoſe parts, ] as alſo on the barks of their trunks. And 


one contrivance of nature in this vegetable, be ſaith, is very ad- 
mirable. The ſeed hath long and many threads of tomentum, not 
only that it may be carried every where by the wind, —but alſo, that 
it may by thoſe threads when driven through the boughs, be held 
faſt, and ſtick to the arms, and exterior parts of the barks of trees. 
So ſoon as it ſprouts or germinates, although it be on the under part 
of a bough,—its leaves and ftalk riſe perpendicular, or frait up, 
becauſe if it had any other poſition, the ciſtern (beforemertioned, 
by which it is chiefly 2 made of the hollow leaves, could 


not 


* 0 


or VEGRTABLES, 


ſome countries ; ſubject to drought, that i 


waters every where fail, there are vegetables 


which contain not only moiſture enough to ſup- 


ply their own vegetation and wants, but afford 


drink alſo both to man and other creatures, in 

their great extremities r, and a great deal more 
might be inſtanced in a like nature, and things 
that bear ſuch plain impreſſes of the divine wiſ- 
dom and care, that they manifeſt the Tſuper-in- 
* tendence of che infinite Creator. 


5 - — 
2 x 
5 — . 


% 


Thus 1 ve given Aa ſketch of another braiich 


of the creation, which, (although one of the 
meaneſt, yet) if it was accurately viewed, would 
abundantly manifeſt itſelf to be the work of God, 


dot hold water, which is neceſſary for the nouriſhment and life of 
dee plant.—In ſcarcity of water, this reſervatory is neceſſary and 
ſufficient, not only for the plant itſelf, but likewiſe is very uſeful to 
men, birds, and all ſorts of inſets, whither they come in troops, 
and ſeldom go away without refreſhment. Id. ib. p. 188. and Phil. 


Tranſ. No. 251, where a figure is of this notable os as * in 


| m. 5 _ vol. 2. P- 669. 


The wild pine fo called, &e. hath leaves that will hold a a pint * 


a half, or quart of rain water; and this water refreſhes the leaves, 
and nouriſhes the root. When we find theſe pines, we ſtick our 


knives into the leaves, juſt above the root, and that lets. out the 
water, which we catch in our hats, as have done many times to my 


| * relief. F Dampier's Voy. * c. 1 P. 8e. e 


| Pe Navarette tells us of a tree : ed the 88 which wines 
; about other trees, with its end hanging downwards ; ; and that tra- 
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| parts, although leſs than they deſerve; I muſt 
therefore content myſelf with thoſe general hints 


mens of what might have been more largely faid 
about this inferior part of the animated crea- 


d toe the nib of it, "ad 2 a {pour 6 
out from it, as clear as cryſtal; enough, and 16 ſpare, fo 
fix or eight men. I A. ſaith he, to my ſatis faction of it 


lay hold on the bejuco, and drink their fill. Collection of Voy. | 
and Trav. volume 1. in x the * to Navarerte's Account of Chins, 


353 


y before - coinmended friend, Dr. Sloane, favoured me with this 
| atcount from his original papers; This vine growing dn dry hills 
in the woods, where no water is to be met with, its trunk; if cut 

into pieces two or three yards long, and held by either end to the 

moutli, affords ſo plentifully a limpid, innocent and refreſhing 

+ water; or ſap, as gives new life to the droughty traveller or hunter. 
. + Whence this is very much celebrated by all the inhabitants of 
4 zan, as an immediate ift of nen their diftrefſed 


"birch tree. In initiis veris antequam folia prodiere, vulnerata 
dulcem̃ ſuctum copioſe effundit, quem fiti preſſi paſter es in ſylvis 


* recreati ſumus, cum herbarum gratia vaſtas peragravimus ſylvas, 
£ inquit Tragus. Rail Cat. Plant. circa Cantab. in Berube. 


hw becauſe 1 have been ſo long upon the bb 


5 | vp viourAbLÞs: 


I have given; which may however ſerve as ſpeci- 


: ' 
| .. oo 


found it cool and ſwert, and would drink it as oft as I found i i in : 
my way. It is a juice a and natural water. It is the common relief | 
of the herdſmen on the mountains; when they are thirſty they 


The nin of * bach hos fone uſes ; concerning which) | 


Ts 0 this may added TA Mr. Ray takes notice of mid »ha 5 


+ ſepenumero potare ſolent. Nos etiam non ſemet eo liquote- 
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: As to the inanimate part, ſuch as ſtones, mine- 
rals, earth, and ſuch-like, that which I have al- 
ready ſaid in the beginning ſhall ſuffice. 


Co e 0 


PRACTICAL INFERENCES FROM THE FORE» 
GOING SURVEY, 


JAVING, in the preceding books, carried 


. ſurvey as far as I care at preſent to 
engage my ſelf, all that remaineth, is to draw 
ſome inferences from the foregoing ſcene of the 
great Creator's works, and 10 conclude this part 
of my intended work, 


60D's WORKS ARE GREAT AND EXCELLENT, 142 
CHAT L 


' THAT GOD'S WORKS ARE GREAT AND EXCELLENT, 


HE firſt inference I mall make, ſhall be r 
I way of confirmation of the text, that the 
works of the Lord are great a. And this is 
neceſſary to be obſerved, not againſt the atheiſt 
only, but all other careleſs, incurious obſervers 
of God's works. Many of our uſeful labours, 
E and ſome of our beſt modern books, ſhall be 
condemned with only this note of reproach, that 
they are about trivial matters, when in truth 


they 


qc Nui ne laudare quidem fatis pro merito poſſum ejus 
ſapientiam ac potentiam, qui animalia fabricatus eſt. Nam ejuſ- 
modi opera non laudibus modo, verum etiam hymnis ſunt majora, 


quæ priuſquam inſpexiſſemus, fieri non poſſe perſuaſum habeamus, 


« conſpicati vero, falios nos opinione fuilſe comperimus.“ Galen. 
de uſu Part l. 7. e. 15. 5 


r © Num tamen pige re debet lectores, ea intelligere, quem- 
* admodum ne naturam ome piguit ea * etticere * Galen. 
ibid. I. 11. fin. 

T1 | 


Lord, from the moſt regarded, admired, and 
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they are ingenious and noble diſcoveries of the 
works of God. And how often will many own 
the world in general to be a manifeſtation of the 
Infinite Creator, but look upon the ſeveral parts 
thereof as only toys and trifles, ſcarce deſerving 
their regard ! But in the foregoing, I may call 
it, tranſient view I have given of this lower, and 
moſt ſlighted part of the creation, I have, I hope, 
| abundantly made out, that all the works of the 


praiſed, to the meaneſt and moſt flighted, are 
great and glorious works, incomparably con- 
trived, and as admirably made, fitted up, 
and placed i in the world, So far then are any of 
the works of the Lord, even thoſe eſteemed the | 
meaneſt, from deſerving to be diſregarded, or 
; contemned by us *, that on the contrary, they 
deſerve, as ſhall be ſhewn in the next chapter, 
to be ſought out, enquired after, and curiouſly 
and diligently priced into by us; as I have thewed 
the word 1 in the text implies, $2 


An igitur 3 quem admodum natura hæc, et ejuſmodi, 
fſumma ratione ac providentia agere potuit, ita et nos imitari ali- 
« quando poſſemus ? Ego vero exiſtimo multis noſtrum ne id quidem 
© pofle, neque enim artem naturæ exponunt : eo enim modo om- 
nino eam admirarentur, ſin minus eam ſaltem non nn. 


Galen. ibid. J. 10. c. 3. 0 
: CHAP, 


CHAP, 1, 


THAT G0D's WORKS OUGHT TO BE ENQUIRED 
INTO, AND. THAT SUCH ENQUIRIES ARE COM= 


HE Creator doubtleſs Gia not beſtow fo 


much curioſity and exquiſite workman- 


thi and ſkill upon his creatures, to be looked 


vpon with a careleſs, incurious eye, eſpecially to 
have them ſlighted or contemned; but to be ad- 
mired by the rational part of the world, to mag- 
nify his own power, wiſdom, and goodneſß, 
throughout all the world, and the ages thereof. 
And therefore we may look upon it as a great 
error, not to anſwer thoſe ends of the infinite 
Creator, but rather to oppoſe and affront them. 
On the contrary, my text commends God's 
works, not only for being great, but alſo ap- 
| proves of thoſe curious and ingenious enquirers, | 


= © that 


1 50 ENQUIRIES or cop's WORKS COMMENDABLE, | 


that ſeek them out, or pry into them. And the 
more we pry into, and diſcover of them, the 
greater and more glorious we find them to be, 
the more worthy of, and the more cxpreſly to 
proclaim their great Creator. 


CommunDaBLE then are the reſearches, which 
many amongſt-us have, of late years, made into 
the works of nature, more than hath been done 
in ſome ages before. And therefore when we 
are aſked, Cui bons? To what purpoſe ſuch in- 
quiries, ſuch pains, ſuch expence ? The anfwer 
is eaſy, It is to anſwer the ends for which God 
beſtowed ſo much art, wiſdom, and power about 
them, as well as given us ſenſes to view and ſur- 
vey them; an underſtanding and curioſity to 
| ſearch into them: it is to follow and trace them, 
when and whither he leads us, that we may ſee 


and admire his handy-work ourſelves, and ſet | 


it forth to others, that they may ſee, admire, and 
praiſe i it alſo. I ſhall then conclude this infe- 
| rence with what Elihu recommends, Job xxxvi. 
84s: 26. Remember that, thou magnify his 


« work, which men behold. Every man may 
DO fee it, men may veneld 1 it afar off. - 


( 151 ) 


CHAP, Il. 


THAT G0D's WORKS ARE MANIFEST To ALL: 
WHENCE | THE UNREASONABLENESS of Irr- | 
'DELITY« 


PHE coneluding words of the preceding chaps : 
ter ſuggeſt a third inference, that the works 


of God are ſo vifible to all the world, and with. | 
al ſuch manifeſt indications of the being and at- 
tributes of the infinite Creator, that they plainly 


argue the vileneſs and perverſeneſs of the atheiſt, 


and leave him inexcuſable. For it is a ſign a man 


is a wilful, perverſe atheiſt, that will impute ſo 


| gloriousa work, as the ereation is, to any thing, yea, 
a mere nothing, as chance is, rather than to God i. 


I 


Galen having taken notice of the neat diſtribution of the nerves | 


tv the muſcles, and other parts of the face, cries out. Hzc enim 


X 4 „ fortune 


1 


fortunæ duxerimus, &c. Galen. ubi ſupra, I. 11. c. 7. 
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It is a fign the man is wilfully blind, that 


he | 18 under the power of | the | d evil, un der the: 


government of prejudice, luſt, and paſſion, not 


right reaſon, that will not diſcern what every one 


can ſee, what every man may behold afar off, 
even the exiſtence and attributes of the Creator 
from his works. For, as © there is no ſpeech or 
c language where their voice is not heard, their 
© line is gone out through all the earth, and their 


* words to the end of the world.” So all, even 
the barbarous nations, that never heard of God, 


hav e, from theſe his work, inferred the exiſtence 
of a Deity, and paid their homages to ſome deity, 


although they have been under great miſtakes in 


their notions and concluſions about him. But 


however, this ſhews how naturally and univerſal- 


ly all mankind agree, in deducing their belief of I 
2 God from the contemplation of his work, or, 22 


even 


fortunæ ſunt opera] Cæterum tum omnibus fpartibus] immitti, 
tautoſque eſſe ſingulos (nervos) magnitudine quanta particulz erat 
neceſſe; haud ſcio an hominum fit ſobriorum ad fortunam opificem 


© id revocare. Alioqui quid tandem exit, quod cum providentia et 
arte efficitur? Omaino enim hoc ei contrarium eſſe debet, quod _ 
caſu ac fortuito fit,” And afterwards, Hæc quidem atque ejuſ- 


modi artis ſcil, ac ſapientiæ opera eſſe dicemus, ſi modo fortune _ 
tribuenda ſunt quz ſunt contraria ; fietque jam quod in proverbiis 
—Fluvi ſurſum flueat ; fi opera quæ nuilum habent ornamen- 
tum, neque rationem, neque moduni artis eſſe; contraria vero 


* 
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eren as Epicurus himſelf, in Tully v faith, from 
a notion that nature itſelf hath imprinted upon 
© the minds of men. For, faith he, what nation 
cis there, or what kind of men, that without 
nd any teaching or inſtructions, have not a kind of 
© anticipation, or pre-conceived notion of a 


«c Deity * 


As atheiſt therefore, if ever there was any ſuch, 
may juſtly be eſteemed a monſter among rational 
beings; a thing hard to be met with in the whole 
tribe of mankind; an oppoſer of all the world v; 
a rebel againſt his nn nature and reaſon, as 
well as s again his God. s 


e above all, mocaſtrous] 1s this, or would be, 
in ſuch as have heard of God, who have had the 
benefit of the clear goſpel- -revelation. And ſk 


|  ® « Primum eſſe Deos, quod in omnium animis, &c. And a lit- 

tle after, Cum enim non inſtituto aliquo, aut more, aut lege fit 

* opinio conſtituta, maneatque ad unum omnium firma conſenſio, 
intelligi neceſſe eſt, eſſe Deos, quoniam infitas eorum, vel potius 

© innatas cognitiones, habemus. De quo autem omnium natura 

_ © conſenrit, id verum eſſe neceſſe eſt. Eſſe igitur Deos confitendum 

£1 eſt,” Cicer. de Nat. Deor. . 1. c. 16, 17. 


»The acheiſt in denying a God . doth, as Plutarch faith, endea- 
vour— Immobilia movere, et bellum inferre non tantum longo 
© tempori, ſed et multis hominibus, gentibus, et familiis, quas re- 

ligioſus deorum cultus, quaſi divino furore — tenuit. 
Plutar. de- Iſide. 
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more monſtrous this would be, in one berg arſd 
baptized in the Chriſtian church, that hath ſtudi. 
ed nature, and pried farther than others into 
God's works. For ſuch an one, if it be poſſible 
for ſuch to be, to deny the exiſtence, or any of 
the attributes of God, would be a great argument 
of the infinite inconvenience of thoſe fins of in- 
| temperance, luſt, and riot, that hath made the 
man abandon his reaſon, his ſenſes, yea, I had 

almoſt ſaid his very human nature, to engage ” 
him thus to deny the being « of a God. 


80 alſo i it 15 au the ſame inonfirovs infidelity E 
at leaſt betrays the ſame atheiſtical mind, to deny 
God's providence, care, and government of the 
world, or, which is a ſpawn of the ſame Epicurean 
principles, to deny final cauſes , in God's works 
of creation; or with the profane, in Pſal. Ixxiii, | 
11. to ſay, © How doth God now ? and is there 


1 knowledge in the moſt 3 5 For, as the 
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* Galen having ſubſtantially refuted the Epicurean principles of 
Aſclepiades, by ſhewing his ignorance in anatomy and philoſophy, 
and by demonſtrating all the cauſes to be evidently in the works " BY 
nature, viz. final, efficient, inſtrumental, material, and formal 
cauſes, concludes thus againſt his fortuitous atoms, Ex quibus in- 

© telligi poteſt conditorem noſtrum in formandis particulis unum 
«£ hunc ſequi ſcopum, d ut quod melius eſt eligat.” Galen. de 

_ uſu Part. I. 6. c. 13. | 


_ witty 


cob's WORKS MANIFEST, 255 


witty and eloquent Salvian ſaith 7, They that 
« affirm nothing is ſeen by God, will, in all pro- 
c bability, take away the ſubſtance, as well as 
« fight of God.—But what ſo great madneſs, 
© faith he, as that when a man doth not deny 
God to be the Creator of all things, he ſhall 
deny him to be the governor of them? Or 
when he confeſſeth him to be the maker, he 
© ſhould ſay, God neglecteth what he hath ſo 
V 


„De Gubern. Dei. l. 4. p. 124. meo libro , Alſo . 7. e. 14. 


CHAP. IV. 


— 


THAT Go $ WORKS OUGHT ro EXCITE vs 10 FEAR 
= AND OBEDIENCE 10 GOD. 


INCE the works of creation are all of them 
ſo many demonſtrations of the infinite wiſdom 
and power of God, they may ſerve to us as fo 
many arguments exciting us to the conſtant fear 
of God, and to a ſteady, hearty obedience to all | 
his laws. And thus we may make theſe works as 
ſerviceable to our ſpiritual intereſt, as they all 
are to our life, and temporal intereſt. For if 
whenever we ſee them, we would conſider that 
theſe are the works of our infinite Lord and Ma- : 
ſter, to whom we are to be accountable for all 
our thoughts, words, and works, and that in theſe 
we may ſee his infinite power and wiſdom; this 
would check us in ſinning, and excite us to ſerve 
and pleaſe him who is above all controul, and who 
hath our life and whole happineſs in his power. 
After this manner God himſelf argues with his 
own 


\ 


own © fooliſh people, and without underſtanding, 
who had eYEs, and ſaw not, and had ears, and 


c heard not, Jer, v. 21, 22. Fear ye not me? 
« faith the Lord: will ye not tremble at my pre- 
« ſence, who have placed the ſand for the bound 
« of the ſea, by a perpetual decree, that it can» 
| 8 viot paſs | it; and though the waves thereof toſs 
= themſelves, yet can they not prevail ; though 


c * they roar, yet can they not paſs over it? 3 


This was an argument that the moſt e | 


ſtupid wretches could not but apprehend; that a 


= Being that had ſo vaſt and unruly an element, as 
the ſea, abſolutely at his command, ought to be 5 
feared and obeyed, and that he ought to be con. 
ſidered as the ſovereign Lord of the world, on 
| whom the world's proſperity and happineſs did 
wholly depend; ver. 24. Neither ſay they 1 — 


© their heart, let us now fear the Lord our God, 
c that giveth rain, both the former and the latter 


tin his ſeaſon: he reſerveth unto us the appoint- 
8 ed weeks of the harveſt,” 
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8 the demonſtrations which God hath given 
LN of his infinite power and wiſdom ſhould | 
excite us to fear and obedience ; fol ſhall ſhew 
in this chapter, that the demonſtrations which 
he hath given of his infinite goodneſs in his 
works, may excite us to due thankfulneſs and 
* It appears throughont the foregoing ſur- | 
vey, what kindneſs God kath ſhewn to his crea- 
tures in providing every thing conducing to their 
lle, proſperity, and happiueſs *; how they are 


di pauca quis tibi donaſſet jugera, accepiſſe te diceres benefi- 

_ © cium: immenſa terrarum late patentium ſpatia negas eſſe benefi- 
* cium? Si pecuniam tibi aliquis donaverit, beneficium vocabis; 

* tot metalla defodit, tot flumina emiſit in aera, ſuper quæ decurrunt 

_ © folaaurum vehentia; argenti, ris, ferri immane pondus omnibus 
s Jocis 
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all contrived and made in the beſt manner, placed ; 
in the fitteſt places of the world for their habita- 
tion and comfort; accoutered in the beſt man- 
ner, and accommodated with every, even all the 
minuteſt things that may miniſter to their health, 

— office, occaſions, and buſineſs 1 in the 
world. 


— 


bee which account,  thankfulneſs and praiſe. 
is ſo reaſonable, ſo juſt a debt to the Creator, that 
the pſalmiſt calleth upon all the creatures to 
. praiſe God, in Pſalm cxlviil. © Praiſe him all his 
5 angels, praiſe him all his hoſts; ſun, moon, 
© tars of light, heavens of heavens, and waters 
© above the heavens.” The reaſon given for 
5 which! is, ver. 5, 6. For he commanded, and 
8 they were created; he hath alſo eſtabliſhed | 
them for ever and ever; ; he hath made a decree 
* which they ſhall nat paſs,” And not theſe 
celeſtials alone, but the creatures of the earth 


and . 


locis obrutum, cujus inveſtigandi tibi facultatem dedit,-negas te 
_ © accepiſſe beneficium ? Si domus tibi donetur, in qua marmoris li- 
* quid reſplendeat, &c. Num mediocre munus vocabis; Ingens 
tibi domicilium, fine ullo incendii, aut ruinæ metu ſtruxit, in quo 
© vides non tenues cruſtas—ſed integras lapidis pretioſiſſimi moles, 
* &c. negas te ullum munus accepifſe ? Et cum iſta quæ habes mag - 
no æſtimes, quod eſt ingrat hominis, nulli debere te judicas ? 
Ude tibi iſtum quem trahis ſpiritum? Unde iſtam, per quam duce 


* tus vitæ tua diſponis atque ordinas, lucem.* &c. Senec. de Benet 
L 4. c. 8 : . 


* : 2 "Ts. * * 
W 


© eraticam, et aliorum virorum, qui nature opera mirantur; an 
* eorum qui ea inſectantur, quod non per pedes natura conſtituit 
g effluere exctementa. Of which, having told a ſtory of an ac⸗ 
quaintau ce of his, that blamed nature on this account, he then goes 


_ « autem omnia. quæ voluit, virtutis eſt invite, Galen. de uſu 
Part |. 3: c. 10. 


N. 
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and waters too, even the meteors, C Fire and 
© hail, ſnow and vapours, ſtormy winds fulfil. 
© ling his word.” Yea, the very © mountains and 
© hills, trees, beaſts, and all cattle, creeping 
© things, and flying fowl,” But in a particular 
manner, all the ranks and orders, all the ages 
and ſexes of mankind are charged with this 
duty; Let them praiſe the name of the Lord, 
© for his name alone is excellent; his glory is 
* above the earth and heavens,” verſe 13. 


Axp great reaſon therd bs we Grd be excited 


to true and unfeigned thankfulneſs and praiſe * } 
to this our great benefactor, if we reflect upon 
what bath been ſhewn in the preceding ſurvey, 


that 


LT Tempeſtivum tibi jam fuerit, qui in hiſce libris verſaris con · 
© ſiderare, n utram familiam recipi malis, Platonicamne ac Hippo- 


on : At vero ſi de hujuſmodi pecudibus plura verba fecero, melioris 


mentis homines merito mihi forte ſuccenſeanr, dicantque me pol · 
luere ſacrum ſermonem, quum ego CONDITORIs noftri verum 
* hymnum compono, exiſlimoque in eo veram eſſe pietatem, ut k 


© noverim ipſe primus, deinde et aliis expoſuerim, quænam fit ipſius 


ſapieatia, quæ virtus, qua bonitas, Quod enim cultu conveniente 
© exornaverit omnia, null:que bona inviderit, id perfectiſſimæ bon · 


© itat's nobis eſt celebranda. Hoc autem omne inveniſſe quo pacto 
omnia potiſſimum adornarentur, ſummæ ſapientiæ eſt: eſſeciſſe 
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that the Creator hath Jone for man alone, with- - 
out any regard to the reſt of the creatures, which 
| ſome have held were made for the ſake of man. 
Let us but reflect upon the excellence and im- 
mortality of our ſoul ; the incomparable contriv- 
ance, and curious ſtructure of our body; and the 
care and caution taken for the ſecurity and hap- 
pineſs of our ſtate, and we ſhall find, that among 
the whole race of beings, man hath eſpecial rea- 
ſon to magnify the Creator's goodneſs, and with 
ſuitable ardent affections to be thankful unto 
him. 
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CHAP. N 


THAT WE OUGHT TO PAY GOD ALL DUE HOMAGE, 


AND WORSHIP, | PARTICULARLY THAT or ux 
Lonp s DAY, 


"OR a e of theſe lectures, the laſt 
thing I ſhall infer, from the foregoing de- 


N 8 of the being and attributes of God, 
ſhall be, that we ought to pay God all that ho- 


mage and worſhip which his right of creation 


and dominion entitles him unto, and his great 


mercies call for from us. And foraſmuch as 
the Creator appointed, from the very creation, 
one day in ſeven to his ſervice, it will not there- 


fore be improper to ſay ſomething upon that 


ſubje&: and if 1 inſiſt ſomewhat particularly 


and largely thereon, the congruity thereof to 


the deſign of theſe lectures, and the foregoing 
demonſtration, together with the too great in- 
advertency about, and neglect of this ancient, 

. = univerſalg 


1 may ſay no more than is neceſſary on this point, 
I ſhall confine myſelf to two things; the time 


God hath taken, and the buſineſs then to be 


performed. 


* 1 he time is one day i in ſeven, and one of 


the ancienteſt appointments R which God = 
gave to the world. For, as ſoon as God had 


finiſhed his fix days works of creation, it is ſaid, 
Gen. ii. 2, 3. He reſted on the ſeventh day 
from all his work which he had made. And 


_ © God bleſſed the ſeventh day, and ſanctified i = 
| # becauſe that in it he had reſted from all his 
© work.” This ſanctification e, and bleſſing the 


1 ſeyenth * was ſetting it apart, asa day of 


diſtinction from the reſt of the week- days, and 


appropriating it to holy uſes and purpoſes, 5 
namely, the commemoration of that great work 
of the creation, and pay ing homage and worſhip 


to that infinite Being, who was the effector of i it. 


"Tan day, thus. ——— from the begin- 
ing, for the celebr ation of the © 75 22 n the 


* Concord. p. 1336. Deftioari ad 2 * c. Bux- 
torf, in verbo, 


enen es an e, g, 


| univerſal, and moſt reaſonable and neceſſary Ws 
duty, will, I hope, plead my excuſe. But that 


p | Ufibus divinis accommodavir, a communi et * 
* uſu ſegregavit, in uſum facrum ad cultum Dei deſtinavit.“ Kirch. 
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* world's birth-day, as Philo calls i it, was pro. 4 
bably, in ſome meaſure, forgotten in the follow- 
ing wicked ages, which God complains of, Gen, 
vi. 5. and ſo after the flood likewiſe. But after 
the return out of Egypt, when God ſettled the 
Jewiſh polity, he was pleaſed to renew this day, 
and to eſtabliſh it for a perpetual ſtanding law, 
And accordingly it was obſerved down to our 
| bleffed Saviour's time, countenanced, and ſtrictly 
obſerved, by our great Lord and Maſter himſelf, 
and his apoſtles and diſciples, in and after his 3 
time; and although for good reaſons, the day 
was changed by them, yet a ſeventh day hath 
been conſtantly obſerved in all ages of Chriſti- 
: ny down to our N time. 
Tuvs we . a day appointed by God lin; 
ſelf, and obſerved throughout all ages, except 
dis few, perhaps, which deſerve not to be 
brought into example. 


Axpo + with en of time this is, well 
becoming the divine care and precaution ; ſerv- 
ing for the recruiting our bodies, and diſpatch- 
ing our affairs, and at the ſame time to keep 
up a ſpiritual temper of mind. For, by allow- 
ing fix days to labour, the poor hath time to 
earn his bread, the man of bufineſs time to diſ- 
patch his affairs, and every man time for the 
work 


\ 
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work of bis reſpeclive calling. But had there 
been more, or all our time allotted to labour 
and buſineſs, and none to reſt and recruit, our 
bodies and ſpirits would have been too much 
fatigued and waſted, and our minds have been 
too long engaged about worldly matters, ſo as 
to have forgotten divine things. But the infi- 
nitely wiſe Ruler of the world, having taken 
the ſeventh part of our time to his own ſervice, 
| hath prevented theſe i inconveniencies, hath given 
| a relaxation to ourſelves; and eaſe and refreſh- 
ment to our wearied beaſts, to poor fatigued | 
| flaves, and ſuch as are under the bondage of 
avaricious, cruel maſters. And this is one rea- 
ſon Moſes gives of the reſervation and reſt on 
the ſeventh day. Deut. v. 13, 14, 15. Six days 
© ſhalt thou labour, and do all thy work; but 
© the ſeventh is the ſabbath of the Lord thy 
God; in it thou ſhalt not do any work, thou, 
nor thy children, ſervants, cattle, or ſtranger, 
that thy man-ſervant .and maid-ſervant may 
reſt as well as thou. And remember, that 
thou waſt a ſervant, &c. therefore the Lord thy 


- Ky es * 


| © God commanded thee to keep the ſabbath-day. 


That carnal, greedy people, ſo bent upon gain, 
without ſuch a precept, would have ſcarce fa- 
voured their on bodies, much leſs have had 
mercy upon their poor bondſmen and beaſts; 
but by this wiſe proviſion, this great burden was 


taken 


: 
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taken off. But on the other hand, as a longer 
liberty would too much have robbed the maſter 
time, and bred idleneſs, ſo by this wiſe provi. 
flon, of only one day of reſt, to fix of labour, 
that | inconveniency was alſo prevented. 


L » HUS the wiſe Governor of the world hath 
aken care for the diſpatch of buſineſs. But 
then as too long engagement about worldly 
matters would take off mens minds from God 
and divine matters, ſo by this reſervation of 
every ſeventh day, that great inconvenience is 
5 prevented alſo; all being then bound to worſhip | 
their great Lord and Maſter, to pay their ho- 
mages and acknowledgments to their infinitely 
kind Benefactor; and, in a word, to exerciſe them- 
ſelves in divine. religious buſineſs, and ſo keep 
up that ſpiritual temper of mind, that a perpe - 
tual, or long application to the world would 
deſtroy. 8 


'T His, as it was a good reaſon for the order of 
a Sabbath to the Jews; ſo is as good a reaſon 
for our Saviour's continuance of the like time 


in the Chriſtian church. 


- Hi a law RIA 5 becoming the infinitely | 
wiſe Creator and Conſervator of the world; 2 


law, not only of great uſe to the perpetuating 
the 


THE DUTY OF REMEMBERING IT. 167 


the remembrance of thoſe greateſt of God's 

- mercies then commemorated, but alſo 1 
adapted to the life, occaſions, and ſtate of man ; 
of man living in this, and a-kin to . 
world: a law well calculated to the diſpatch of 
our affairs, without hurting our bodies or minds. 
And fince the law is ſo wiſe and good, we have 
great reaſon then to practiſe carefully the duties 
incumbent upon us; which will fall under the 
confideration of the 8 


* Thing I propeted, the bulinels of the 40 
which God hath reſerved to himſelf. And there 
are two things enjoined in the commandment, a 
ceſſation from labour and worldly buſineſs; and 
that we remember to keep the day holy. 


2 | There * be a celfiricn from woddly 
bufineſs, or a reſt from labour, as the word ſab- 

bath * ſignifies, © Six days thou ſhalt do all thy 
- © work, but the ſeventh is the Sabbath of the 
© Lord thy God, (not thy day, but his,) in which 
« neither thou, nor any belonging to thee, ſhall 
do any work. In which injunction it is obſerv- 


- able, how expreſs and particular this command- 


ment is, more than others, in ordering all ſorts 
of perions to ceaſe from work. 


— naw Ceſlario, requies. 
7 _*  Sondh, 


168 THE DUTY OF REMEMBERING IT, 


855 Secondy, Ws muſt thihetuber to keep the thy 
holy. Which remembrance is ancther thing alſo 

in this, more than in the other commandments, 
and implies, 8 0 


1f, Tuar there is great danger of our for- 
getting, neglecting, or being ae from 
keeping the day holy, either by the infirmity 
and carnality of our own nature, or from the 
avocations of the world. 


24 y, Trar the keeping it f holy is a Fay wa of 
more than ordinary conſequence and neceſſity. 
And of greateſt conſequence this 1 is, 


* Te 0 perpetuate che remembrance of thoſe 
grand works of God commemorated on that 
day i in the firſt ages of the world, the creation; 
in the middle ages, the creation and delivery 
from Egypt; and under Chriſtianity, the crea- 
tion and redemption by Chriſt, Which mercies, 
without ſuch frequent occaſions, would be ready 
to be forgotten, or diſregarded, in ſo long a 

tract of time, as the world hath already ſtood, 
and may, by God's s mercy, ſtill ſtand. 


2. To keep up a ſpiritual temper of mind, by 
| thoſe frequent weekly exerciſes of religion, as 
hath been already mentioned. 


— 3. To 
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z. To procure God's bleffing upon the labours 
and buſineſs of our fix days, which we can never 
expect ſhould be proſperous, if we are negligent | 
of God's time. For, how can we expect God's 
bleſſing, upon a week fo ill begun, with a neg- 
lect, or abuſe of God's firſt day ? And therefore 
if we become unproſperous | in the world; if 
loſſes, troubles, or dangers befal us, let us re- 
fle& how we have ſpent the Lord's day; ; whether 
we have not wholly neglected it, or abuſed it 
in riot, or made it a day for taking journies, for 
more private buſineſs, and leſs ſcandalous la- 
bour, as the cuſtom of too many i is. 


T Hus having ſnewn what reaſon there is to 
| remember to keep holy the day dedicated to 


and ſo conclude. Now, the way to keep it 
holy, is not by bare reſting from work; for that, 
as a father ſaith is, Sabbatum boum et aſinorum, 
is ſabbath of beaſts :* but holy acts are the 
proper buſineſs of a holy day, celebrated by © 
rational beings. Among all which, the grand 


public worſhip of God, the afſembling at the 
public place of his worſhip, to pay, with our 
fellow creatures, our homages, thanks, and 
praiſes to the infinite Creator and Redeemer of 
the world, This, as it is the moſt reaſonable. 
ſervice, 


God, I ſhall confider how we are to keep it holy, EY 


principal, and moſt univerſally practiſed, is the 


10 MANNER OF ITS CELEBRATION, 


ſervice, and proper buſineſs for this day, ſo it iy | 
what hath been the practice of all ages. It was 
as early as Cain and Abel's days, Gen. iv. 3. 
what was practiſed by religious perſons in the 
following ages, till the giving of the law; and 
at the giving of that, God was pleaſed to order 
places, and his particular worſhip, as well as 
the ſeventh day. The tabernacle and temple I 
were appointed by. God's expreſs command ; be- 
fides which there were ſynagogues all over the 
| nation; ſo that in our Saviour's time, every great 
town, or village, had one, or more in it, and 


N . 460, or more ©, 


% 


Tux nr of theſe 1 our bleſſed 85 
viour was a conſtant and diligent frequenter of. 
It is ſaid, He went about all the cities and 
8 villages, teaching in their ſynagogues, and 
« preaching, and healing, &c. Matth. ix. 35, 
And St. Luke reporteth it as his conſtant cuſtom 
and practice, Luke i iv. 16. And as his cuſtom 
was, he went into the ſynagogue on the Sab- | 


 bath-day.” 
Have thus mentioned the practice of Chriſt, 
it is not neceſſary I ſhould ſay much of the 


PAce of his C and the nnn * 


"'s; See Lightoor's Works. val. 2. p. 35, and 26455 


ages 


* 


PUBLIC WORSHIP NOT INDIFFERENT.  17f 
ages of Chriſtianity, who, i in ſhort, as their duty 
was, diligently followed their great maſter's ex- 
ample. © They did not think it enough to read and 
« pray, and praiſe God at home, but made con- 
© ſcience of appearing in the public affemblies, 
from which nothing but ſickneſs and abſolute 
© neceſſity did detain them; and if fick, or in 
priſon, or under baniſhment, nothing troubled 
© them more, than that they could not come ta 
church, and join their devotions to the com- 
mon ſervices. If perſecution at any time 
forced them to keep a little cloſe; yet no 
ſooner was there the leaſt mitigation, but they 
© preſently returned to their open duty, and pub- 
© lickly met all together. No trivial pretences, 
© no light excuſes, were then admitted for any 
one's abſence from the congregation, but ac- 
© cording to the merit of the cauſe, ſevere cen- 
_ © ſures were paſſed upon them, &c. to expreſs 
' it in the words of one of our beſt . * 


* 


Tas public worſhip of God then is not 2 


matter of indifference, which men have in their 
own power to do, or omit, as they pleaſe ; nei- 
ther is it enough to read, pray, or praiſe God at 
home, unleſs ſome inevitable neceſſity hindereth; 
becauſe the appearing in God's houſe, on his 
day, is an act of homage and ys due to the 


: Dr. Care's Primitive — p- 1. cap. 7. 
Creator, 


Wc 
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4 Creator, a right of ſovereignty we pay "ki 
And the with-holding thoſe rights and dues from 


God is a kind of rejecting God, a diſowning his 
ſovereignty, and a withdrawing our obedience 


and ſervice. And this was the very reaſon why _ 


the profanation of the Sabbath was puniſhed 
with death among the Jews, the Sabbath being 
a ſign, or badge of the God they owned and 
worſhipped k. Thus Exod, xxxi. 13. My Sab- 
© baths ye ſhall keep; for it is a srex between 


n At this day it is cuſtomary for ſervants to wear the livery of their 
| maſters, and others to bear badges of their order, profeſſion, ſervili - 
ty, &ec. So in former ages, and diverſe countries, it was uſual to bear 
badges, marks, and figns on divers occaſions. In Ezek. ix. 4. A 
mark was to be ſet on the forehead of thoſe that lamented the abo- 
- © minations of the city.” The like was to be done upon them in Rev. 
vii 3. and ix. 4. 80 the worſhippers of the beaſt, Rev. xiii. 16. 
were to receive a X4pywa, A mark in the right hand, on their 
© foreheads.” Thoſe xai, Eppuyit;, Badges, &c. were very 
common. Soldiers and ſlaves bare them in their arms or foreheads ; 
| ſuch as were matriculated in the heteriae, or companies, bare the 
badge or mark of their company; and whoever liſted himſelf into 


the ſociety of any of the ſeveral gods, received a x, or a mark 
in his body, (commonly made with red hot needles or ſome burn- 


ing in the fleſh,) of the God he had liſted himſelf under. And af- 
ter Chriſtianity was planted, the Chriftians had alſo their fign of the 
croſs. And not only marks in their fleſh, badges on their Fw 
8&c- were uſual ; but alſo the dedication of days to their imaginary 
deities. Not to ſpeak of their feſtivals, &c. the days of the week 
were all dedicated to ſome of their deities. Among the Romans, 


 Sundayand Monday, to the Sun and Moon; Tueſday to Mars; 


OP to Mercury, Kc. * our Saxon anceſtors did the ſame 3 
| „ _ yy. : 


| PROFANATION OF THE SABBATH, 17; 


c me and you, throughout your generations; 
5 that ye may _ that I am the Lord, that doth 
ſanctify you; or, as the original may be ren- 
dered, A ſign to acknowledge, that I en 
am your Sanctifier, or, your Gop: for, as 
our learned Mede obſerves, To be the Sanc- 
< tifier of a people, and to be their God, is all 


done. So likewiſe very expreſly in Ezek. xx. 


20. Hallow my ſabbaths, and they ſhall be a 
ſign between me and you, that ye may know 
© that I am the Lord your. God; or rather as 


$ Ne, to acknowledge that I Jenovan am | 


your Gop.” 


Tun ſabbath W thus a ſign, a mark, or 
badge, to acknowledge God to be their God, 
3 follows, that a neglect or contempt of that 
day redounded to God; to ſlight that, was flight- 
ing God; to profane that, was to affront God; 
for the puniſhment of which, what more equi- 
table penalty than death! And although under 
4 Chriſtianity, the puniſhment is not made capital, 
yet have we no leſs reaſon for the ſtrict obſerv- 
| ance of this holy day than the Jews, but rather 


Sunday and Monday, as the Romans did to the Sun and Moon; 

"Tueſday to Tuyſco ; Wedneſday to Woden ; Thurſday to Thuoer ; 
Friday to Friga ; and Saturday to Seater: an account of which 
deities, with the figures under which they were worſhipped, may be 
met with in our learned W chap. 3. p. 68. 


yes 


14 4 ras OXELUYON, | 


greater . For the God we Ss is the 
fame: if after the fix days labour, he was, by the 
ſeventh, owned to be God, the Creator; no leſs 
is he by our Chriſtian Lord's-day : if by the ce: 
lebration of the Sabbath, the rememberance of - 
their deliverance from the Egyptian bondage 
was kept up, and God acknowleged to be the 
_ effeQtor thereof; we Chriſtians have a greater de- 
| liverance; we own our deliverance from fin and 
Satan, wrought by a greater Redeemer than Mo- 
ſes, even the bleſſed Jeſus, whoſe reſurrection 
and the completion of our redemption thereby, 
was performed on the Chriſtian 3 


5 Ann now, to ſum 1 and conclude theſe in- 
ferences, and fo put an end to this part of my 


ſurvey : fince it appears, that the works of the. = 


Lord are ſo great, ſo wiſely contrived, ſo ac- 
curately made, as to deſerve to be enquired into; 
ſince they are alſo ſo manifeſt demonſtrations of 


1 Creator's being and attributes, that all the 


world is ſenſible thereof, to the great reproach 


of atheiſm: what remaineth, but that we fear 


and obey ſo great and tremendous a Being! that 
ve be truly thankful for, and magnify and praiſe 
his infinite mercy, manifeſted to us in his works ! 
And foraſmuch as he hath appointed a day on 
purpoſe, from the beginning, for theſe ſervices, 
that we may weekly meet together, commemo- 

6 rate 


ns 
rate and celebrate the great work of creation, 
that we may pay our acts of devotion, worſhip, 
homage, and fealty to him ; and fince this is a 
wiſe and excellent diftribution of our time, what 
thould we do, but conſcientiouſly and faithfully 
pay God theſe his rights and dues; and as care- 
fully and diligently manage God's time, and diſ- 
charge his buſineſs then, as we do our own upon 
ſix days; particularly that with the pious pſalm- 


THE CONCLUSION. 


Iſt, « We love the habitation of God's houſe, and 


20 the place where his honour dwelleth ;* and 
therefore take up his good reſolution in Pal. v. 7, 
with which I ſhall conclude; But as for me I 
vill come into thine houſe in the multitude of 
c thy mercy, and in thy fear will 1 worſhip 
« towards thy holy temple.” | 


| Now, to the ſame infinite God, the — 
G and Preſerver of the world, the moſt 
gracious Redeemer, Sanctifier, and Inſpirer of 
mankind, be all honour, praiſe, and thanks, now 
and for ever, Amen. 
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Rector of UPMINSTER in ESSEX, and F. R. S. 
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PrINCE of N. ales, pain CE Eledoral of 


. Se. i 


Duke of — an Rothſay, Duke Pe} 


Marquis of Cambridge, Earl of Cheſter, 


 Milford-Haven, and Carreck, Viſcount Nagth- 
| Allerton, Baron of T ewkſbury and Renfrew, 
Lord of the Iſlands, and Steward of Scotland, I 
and Koight of the moſt Noble Order of the 


Garter, 


Grear 8 1 R, 


great an honour, as to take this Book un- 


der your Patronage, with great humility and ; 


thankfulneſs I lay it at your feet ; not doubting 


but that (whatever my performance is) the ſub- 


+ je 


7 OUR Roy al Highnek having done me fo 5 


»nDοe rex. 


ject will be eee it being a vindication of 

tze exiſtence and attributes of that infinite Being, 

to whom your Royal Highneſs hath no leſs 

piouſly than juſtly aſcribed your great Royal | 
7 and your Family 8 peaceable acceſſion 
to the crown, and dignity to — 


=—_ . That the al of the fame moſt merciful . 
| _ - Being may be perpetuated to your Royal High- | 
f neſs, and all yours, is the hearty pagers of, 


| Moſt Illuftrious Sir, 


Moſt Flumble 


EL 


W. DPERHAM. 
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R 
many that a book is more com- 
pleat and valuable by additions and amend- 
ments, yet I think that many and great additions 
are an hardſhip and injuſtice to the purchaſers of 
a former edition; and therefore have in this, and 
the foregoing editions, avoided it as much as 1 
well could, although ſome of my learned friends 
would have perſuaded me to it, and alſo « con- 
tributed their obſervations. | 


But. yet from what I have ſaid i in the Prelim- 
inary Diſcourſe, p. 177, it will, I doubt not, be 
expected, that I ſhould give foie account of the 
obſervations, which the long and good glaſſes in 


my hands have afforded me fince the laſt edition 
of this book. 


But 1 have little to boaſt of here, having (be- 
| fides the old former complaint of the want of a 
long pole to manage Mr. Huygens" s glaſs with) . 
many great hinderances in my obſervations, part- 
1y by a very dangerous fit of fickneſs, which 
hung long about me; and partly by my neceſſary 
affairs calling me to matters of another nature. 
0 + 7 But 


n 


But ſome of the moſt conbiierable of my obſerv. 
ations were theſe. 
"ys . Vai with Mr. Huygens s, glaſs 
divers nights, when near her perigee, and much 
horned, I thought I ſaw, anfractus or roughneſſes 
on the concave part of the enlightened edge, 
| (fuch as we ſee in the new moon) which I have 
repreſented z as nearly. as I could in bg. 12. 5 


2. In my frequent views of Jopiter, I find his 
belts to have great variations; that they change 
their places; that their breadths alter, being 
ſometimes broader, ſometimes conſiderably nar- 
rower ; that ſometimes they are more in number, 
ſometimes fewer, ſometimes they, are darker and 
blacker, ſometimes thin and only like a miſt. 
Towards the poles of Jupiter are the greateſt al- 
terations, there being ſometimes few or no belts 
towards one or the other pole; ſometimes one 

quite acroſs the polar parts, another reaching 

but half, or a part of the way. And even about 
the middle, or equatorial parts of Jupiter, 


—9 where there are always belts,(and commonly two) 


yet theſe vary conſiderably. Sometimes they are 
nearer one another, ſometimes further aſunder ; 
ſometimes as conſiderably broader, eſpecially that 
5 neareſt the middle; ;  Tometigges, as conſiderably 
narrower 3 


«x * 
„ . 


ſuch as are on the very diſk; which are ſome- 
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narrower; ſometimes they both advance towards 
one pole, and then recede towards the other 
oppoſite pole. Of many of theſe appear- 
pearances I took draughts, and deſigned to have 
enquired whether they had certain periads ; but 
or of health and leiſure prevented me. 


"a not 1 * Wu but the ſpots alſo af 


Jupiter vary greatly; I do not mean the ſpats 5 


occaſioned by the ſhade of the ſatellites, bur 


times of one form, ſometimes of another; and 
oftentimes none to be ſeen at all, although the 
N dane face of Jupiter ſhould be towards us. 


N The laſt ching I mall mention is he ncks: = 
bote, which are thoſe glaring whitiſh appear- 
ances, ſeen with our teleſcopes in Andromeda's 
girdle, Hercules's back, Antinous's foot, Orion's 
ſword, in the Centaur, Sagittary, &c. which ap- 
pear through the teleſcope ſomewhat after the 

manner as Cor Cancri doth to the naked eye. 


| Theſe ee 1 15 FR vi with glaſs 4 
of very different lengths, particularly that in 


Pede Antinoi with Mr. Huygens's : but I confeſs 
that 1 could never diſcern what they are; neither 
indeed could I perceive any great difference in 
= their appearances through a very good glaſs of 
ME, about 


* 
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about 4 foot, 3 others of 30 and 40 foot, yea, 
* PIES 8 * 250 


But indeed the b obſtacle to all my views 
with Mr. Huygens's glaſs was the vapours near the 
horizon, which not only obſcured the object, but 
oauſed ſo great a trembling and dancing thereof, 
as made it no leſs difficult to be diſtinctly and ac- 
curately viewed, than a thing held in the hand is, 
when danced and ſhaken backwards and forwards. 
By this means my expectations from Mr. Huy- 
1 glaſs were frequently fruſtrated, excepting 
in nights that were more than ordinarily ſerene 
and clear; which was commonly in ſuch as were 
the moſt — „ and cold. . 


| Finding i it therefore unlikely that I ſhould do 
ai more with Mr. Huygens's glaſs than I had 
done, 1 reſtored it to the Royal Society which 
lent it me, (and to whom Mr. Huygens be- 
queathed it by his laſt will) contenting myſelf 
with the views it had given me, and that I had 
diſcovered it to be an excellent glaſs; which Dr. 
Hook, and ſome others of our beſt judges, took 
to be good for nothing. 


And now having given this account of my ob- 
ſervations, and alſo ſhewed what hindered. my 
com- 


— of . (which may excite farther 
enquiries, as well as ſerve to vindicate myſelf) 5 
I ſhall recommend theſe things to ſuch as have 
good glaſſes, particularly to the diligence 
and accuracy of my very. ingenious friend the 
Rev. Mr. Pound, into whoſe hands the Royal 
Society have put that noble bequeſt of Mr. 
Huygens, and who is ſo well accommodat: d for 
raifing and uſing that glaſs, as to have ſeen 
(among other conſiderable things) the five ſatel- 
lites of Saturn; which, I confeſs, I could never 

reach, nor above three of them that I could be 

ſure were ſatellites: I ſay, that I could be ſure 
were ſuch, becauſe it is not very eaſy to diſtin- 
guiſh which are ſatellites,” and which are ſmall 
teleſcopic ſtars, which very frequently. ſhew 


themſelves i in a glaſs of ſuch goodneſs as that is. 


found out ſeven ſatellites of Saturn, with this 
very glaſs of Mr. Huygens, ſo regularly were 

they placed in re ſpect of Saturn. But when 1 
came to examine them the following nights, 1 
found that there were really no more than two 
ſatellites, the reſt being ſmall fixt ſtars. But ; 
Mr. Pound's (kill and exactneſs in ſuch obſerva- 
tions is, I know, ſo great, (and I may add that 
of my ſagacious friend Dr. Halley too, who, I 

hear, hath ſeen the ſame) that I do not ſay this 


by way of caution to them, although it may 
ſerve as ſuch to many others. 


I remember that I once verily thought I had 


7 'R = 22 A c E. 


And now for a cloſe, I ſhall take this oppor. 
tunity of publicly owning, with all honour and 
thankfulneſs, the generous offer made me by ſome 
of my friends, eminent in their ſtations, as well 


as {kill and abilities in the laws, who would have 


made me a preſent of the May-pole | in the Strand 
(which was to be taken down) or any other pole 
I thought convenient for the management of Mr. 
Huygens's glaſs. But as my incapacity of ac- 
cepting the favour of thoſe noble Meccenates, 
hath been the occaſion of that excellent glaſs 
being put into better hands; fo, I aſſure myſelf, 
their expectations are abundantly anſwered, by 
the number and goodneſs of the obſervations that 
| hare been, and will be made therewith, 


© t7 ) 


"I, PRELL M 1 NARY 


D rs * OUR 8 . 


1 CONncERNING 


THE SYSTEMS OF THE HEAVENS, "THE HABITA- 

BILITY OF THE PLANETS, AND A PLURALITY 
or WORLDS, USEFUL FOR THE READING or 
| THE FOLLOWING BOOK, 


M* Phyfico- Theology having 1 met with ſo 
8 quick a ſale as to come to a third im- 
preſſion before the year was expired, but eſpeci- 
ally the ſolicitations of many learned men, both 
known and unknown, have given me great en- 
couragement to fulfil my promiſe, in ſending 
abroad this other part, relating to the heavens : 
which ſhould ſooner have ſeen the light, but 
that I was minded not to interrupt the reader's 
_ patience with many notes (which I could nos 
well avoid in my Phyſico- Theology, and Which 
my rough draught of this was burthened with) 
fore I threw the greateſt part of them 
ext : which neceſſitated me to tranſcribe 
the whole. And when my hand was in, I new 
made ſome part of it, and added many new ob- 
ſervations of my own, which J have lately made 
with ſome very good long glaſſes, I have in my 
Vol. II. M hands; 
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hands; one of ber s grinding; and others 
of Engliſh work, which exceed it; but eſpeci- 
ally one of Mr. Huygens's of about 126 feet, 
which few for goodneſs | do ſurpaſs. 


Of theſe obſervations the reader ſhould have 
met with many more (and I believe ſome of my 
ingenious friends do expect more) but that I lay 


under two inconveniences. One the want of an 


open free horizon, my habitation being ſurround- 
ed much with trees. The other, and indeed the 
chief, the want of a long pole of 100 or more 
feet, to raiſe my long glaſs to ſuch an height as 
to ſee the heavenly bodies above the thick va- 
pours; which much obſcure all objects near the. 

horizon, eſpecially when viewed with long and 
good glaſſes. But as I have been at eonſiderable 55 

expences already about theſe matters, and this 1 
am informed would amount to 80 or 90l. I 
thought 1 it too . a burthen for me to bear. 


| And, "therefore, if T have not ſoficiently an- 
ſeated the expectations of ſome of my learned 


and ingenious friends, I hope they will excuſe 2 


me, and I believe it to be more my calamity than 
fault that I have done no more: eſpecially 
among ſuch planets as have advantageouſly pre- 
ſented themſelves, as Saturn particularly hath, 


whoſe five or more ſatellites | it may be expected 
I have 


* 
1 


* 
"2 


THE AUTHOR'S OBSERVATIONS, &c, 179 


1 have ſeen ; but I could never reach but three 
of them, and they only, when there were but 
few vapours. And as for the ſpots in Mars and 
Venus, and their motion round their own axis, 
confeſs I have not yet had good views of thoſe 
planets, ſince I have had my furniture of glafles, 
by reaſon of the too great diſtance of Mars from 
the earth, and the proximity of Venus to the 
Sun, and of late the cloudy weather, and the 
ſmall altitude which Venus hath above the hori- 
zoon. But if I can obtain a ſufficient apparatus, 
and God is pleaſed to grant me life, health, and 
leiſure, I hope to compenſate for my defects. 


= however, what is here wanting in myown, 
is ſufficiently made up from the obſervations of L 

= others, of which the learned world hath good 
tore, ſince the invention of the teleſcope; which 
as it hath made ample diſcoveries of the works of 

God, ſo hath laid open a new, and a far more 
- grand and noble ſcene of thoſe works, than the 
world before dreamt of, and afforded us a far 
more rational ſyſtem of the heavens and the uni- 

| verſe, than was before entertained. 


And foraſmuch as I have . occaſions i in 
my following book to ſpeak of, and according to 
this and ſome of the other ſyſtems, it is neceſſary 
I ſhould by way of preface, give ſome account of 
them to enable ſuch perſons to read my book 
as are unacquainted with aſtronomical matters. 


M 2 . — 


the Sun; and above the Sun's orb, thoſe of Mars, 


8 
e 
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Among all the various ſyſtems, I need take- 
notice only of three, the Ptolemaic, the Coper- 
nican and the new ſyſtem. Of each of which in 

their order. 1 88 1 


OF THE PTOLEMAIC S Y'S TEM. 


In the Piolentaic n the earth and waters 
are ſuppoſed to be in the centre of the univerſe; 
next to which is the element of air, and next 
above that is the element of fire; next that, the 
orb of Mercury, then that of Venus, then that of 


Jupiter, and Saturn; and above them all the fir- 
mament, or orb of the fixt ſtars; then the cryſtal- 
line orbs; and laftly the cælum empyreum, or he- 
ven of heavens. All theſe mafly orbs, and vaſt 
bodies borne by thern, are in this ſyſtem, ſup- 
| Poſed to move round the terraqueous globe once | 
in 24 hours ; and beſides that, in ſome other cer- 
tain periodical times. For the effecting of which 
motions, they were forced to contrive ſuch cir- 
cles as they called eccentrics and epicycles, croſ- 
fing and interfering with one another; which I 
could not repreſent in ſo narrow a compaſs as 
Fig. 1. is, that is a ſcheme of this Ptolemaic 
ſyſtem; which i is univerſally maintained by the 
Peripatetic philofopherte 
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oF THE COPERNICAN SYSTEM. 


Taz next ſy ſtem is the Pythagorean or Coper- : 
nican, being invented as ſome imagine by Py- 
thagoras himſelf. But Diogenes Laertius ex- 
preſsly faith, that Pythagoras's opinion was, 
That the world was round, containing the earth in 
the midſt of it. And by Pliny's account of- 
Pythagoras, his diſtances, and orders of the pla- 
nets, this ſeems to have been his opinion, But the 
Tame Laertius » affirms Philolaus, the Pythago- 
: rean, T1 y Tu, amlede, r Ad Rey, gr ts Ne 4ʃ Le, Ir 
Logauucier Pao tO have been the firſt that ſaid the 
earth was moved in a circle; but ſome ſay Hi- 


ceetas the Syracuſian. So Plutarch in his life 3 


Numa, ſpeaking of Numa s building the temple 
of Veſta, ſaith, he built it round, and that a con- 
tinual fire was kept therein, in imitation of the 
figure of the earth, or rather of the whole world 
itſelf, the middle of which the Pythagoreans (not 5 
Pythagoras) take to be the ſeat of fire. 


This ſvſtem (whoever was the inventor of it) 
Copernicus, a canon of Tourain, reſtored about 
the beginning of the 15th century, and was fol- 
lowed therein by many conſiderable men, as 
I Rheticus, Meeſtlinus, Kepler, Rothman, Bul- 
lane, Lanſberge, He: 1 1gonius, Schickard, 
t b. viii: in. P: rhager1. 


Nat. Hiſt. 115. i. e. 21, 22. 
oy Ibid, in Philolao. 
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Gaſſendus, Galilæo, "oY others. The laſt of 
which (by the ill-will and inſtigation of Pope 
Urban III. as it is ſuppoſed) had the misfortune 


do fall under the cenſure of, and to have his 


Copernican tenets condemned by the inquiſition, 
and was forced to abjure them. The particulars 
of which, if the reader hath a mind to ſee, he 
may find them 1 in Riccioli's Almageſts c 


| According to this ſyſtem, the 82 iS ſuppoſed 
to be in the centre, and the heavens and earth to 
revolve round about him, according to their 
ſeveral periods : : firſt Mercury in near 88 days; 
then. Venus in ſomewhat above 224 days; then 
the earth with its ſatellite the Moon, in 365% 
a days ; - then Mars in about 687 days; then 

Jupiter with his four moons in about 4333 days; — 
and laftly, Saturn i in ſomewhat above 10759 days, 5 

with his five or more moons revolving about 
him. And beyond, or above all theſe, is the 
firmament, or the region of the fixt ſtars, which 
are all ſuppoſed to be at equal nee from 
thelr centre the ſun. 


This is the Copernican ſyſtem, which I have 
given a ſcheme of in Fig. 2. And ſo far as this 
ſyſtem relates to the motion of the earth, and 
the ſun-reſting in the centre, I prefer it to the 


Lib. ix. SeCt. 4. Chap. 40. 5 = 
oP Ptolemaic 
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0 


Ptolemaic hypotheſis on theſe five following ac- 
counts; 


ca it is far more agreeable to nature, 
which never goes a round- about way, but always 


acts by the moſt compendiqus, eaſy, add fimple 


methods. And in the Copernican way, that is 
performed by one, or a few eaſy revolutions, 


which, in the other way, is made the work of 


the whole heavens, and of many ſtrange and 
unnatural orbs. Thus the diurnal motion is _ 


counted for, by one revolution of the earth, 
which all the whole heavens are called 1 in for, in 
the other way; ſo for the periodical motions of 
the planets, their ſtations, retrogradations, and 
direct motions, they are all accounted for by one 
eaſy, ſingle motion round the ſun; for which, 


in the Ptolemaic way, they are forced to invent 


divers ſtrange, unnatural, interfering eccentrics ; 


and epicycles. An hypotheſis ſo bungling and 


monſtrous, as gave occation to a certain king to 


ay, if he had been of God's council, "when he 
made the heavens, he could have taug * him 


how to have mended his work, 


2. As the Copernican 18 fis more 8 _ : 


agreeable to nature than the Ptolemaic ſyſtem, 


{o it is far more complete, and anſwerable to the 


various phænomena of the planets; ſeveral of 


M4 1 which 
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33400 years; and the outermoſt of all, the primum 
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which the Ptolemaic hypothefis either very auk- 

wardly ſolves, or doth not at all come up to. 
I might inſtance here in divers particulars relating 
to Venus and Mercury, as why the earth is 
never between them and the ſun, which the 
| Ptolemaic ſyſtem gives no tolerable account 
of, and but poor accounts of other of their 
phenomena, as alſo of thoſe of the moon 
and the other planets. I might ſhew alſo how 


incoherent and improper the motions aſſign- 


ed to the heavenly bodies are in the Ptolemaic 


way, as that the moon ſhould move round once 


= 7 month, the other planets in ſuch and ſuch 
Periods as are affigned to them ; the firmament 

or fixt ſtars, in 2 5 or 26000 years ; the ſphere = 

beyond that in 1700 years; the tenth ſphere in 


mobile, which moves all the reſt, in only 24 hours. 
Which are motions ſo unproportional, and diſ- 
agreeable, that are ſuſſicient to ſubvert the whole 
hypothefis. But it would be endleſs to enter 
into a detail of ſuch incoherences and i improprie- 
ties as the Ptolemaic ſyſtem abounds with. 


4 The prodigious and inconceivable rapidity 
aſſigned by the Ptolemaic to the heavens, is by 
the Copernican ſcheme taken off, and a far more 
eaſy and tolerable motion ſubſtituted in its room. 

For is it not a far more eaſy motion for the earth 

| 3 1 
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to revolve round its on axis in 24 hours, than 
for ſo great a number of far more maſſy, and 
far diſtant globes, to revolve round the earth in 
the ſame ſpace of time? If the maintainers of 
the Ptolemaic ſyſtem do object againſt the mo- 
tion of the earth, that it would make us dizzy, 
and ſhatter our globe to pieces, what a precipi- 
tant, how terrible a rapidity muſt that of the 
heavens be? What a velocity muſt the ſun have 
to run its courſe, at the diſtance of 21 or 22 
ſemidiameters of the earth? What a velocity 
mult that of the fixt ſtars, eſpecially that of the 
Primum mobile be, at far greater diſtances than the : 
fun 1 is * c 


4. It is an | inconteſtible: argument of the ſun 
3 the centre of the planets about him, and 
not the earth; that their motions and diſtances 
reſpect the ſun, and not the earth. For with 
regard to the ſun, the primary planets have 
a very due motion, in proportion to their ſeveral 
diſtances; that is, their motions round the ſun, 
are in ſeſquiplicate proportion to their diſtances 
from him; but this proportion doth not hold at 
all with relation tothe earth. But as for the ſe- 
condary planets, round Saturn, Jupiter, and 
the earth, it is very certain that they have the 
ſame reſpect to their primaries, as theſe primaries 
have to dhe ſun; that 1 is, the ſquares of their 
revolutions 


OBJECTIONS AGAINST 


revolutions are as the cubes of their diſtances; 


And as it is very certain and viſible, that the 
ſecondary planets reſpect their primaries as their 


centres, and move round them, ſo it is in ſome 


meafure (one would think) no leſs certain, and 


beyond doubt, that all the primary planets | 


which have the ſelf ſame reſpect to, and motion 


with regard to the ſun, as thoſe ſecondaries have 
to their primaries, that thoſe primaries, I ſay, do 
move round him as their centre, and not about 
the earth, to whom they have no ſuch reſpect. 


7 The laſt argument 1 mall allege for my 


preference of the Copernican to the Ptolemaic 
ſyſtem is from the great parity and congruity 
| obſervable among all the works of the creation; 
which have a manifeſt harmony, and great 
agreement with one another. 


Thus in our preſent caſe, it is > manifet to our 


- fight, that every globe we have any good view. 
of, hath ſuch like motions as thoſe are which e 
we aſcribe to the earth. The ſun, indeed, being 5 
in the centre, is as it were fixed there, and hath 5 
no periodical motion : but yet the other motion 
round its own axis, we can manifeſtly diſcern. 
And as for all the planets which move round 


about the ha they have, as far as it is poſſible 
_ tor 
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for us to fee them, ſuch motions as thoſe we af. 
cribe to the earth, namely, a diurnal rotation 
round their own axis, and a periodical revolu- 
tion round the fun. And if this be manifeſt in 
the other planets, what ſhould hinder its being 
ſo in our own ? Why ſhould ours be ſingular? 
Why not be ſuppoſed to be moved as well as the 
reſt, when it is very certain that either it hath 
thoſe motions, or the heavens have ſo; and it is ? 
far more natural and eaſy for the earth to per- 
form them, than for the heavens, as hath been 
already _ E 


Thus bovis ſhewn how 1.1 more probable 
the Copernican ſyſtem is than the Ptolemaic, fo 
far as it relates to the motions of the heavens and 
” earth, and the ſun being in the centre, it re- 
mains (before S proceed to the third and laſt 

ſyſtem) that I ſhould anſwer ſome objections al- 


1 Partly: trom philoſophy and * 


- he objections from 8 are ſuch 8 
ſeem to affert the immobility and reſt of the 
earth, and the motion of the ſun and mn 

bodies. FS 


The texts chat are brovekt to prove the 


immobility and reſt of the Earth, I are Chron. 
Xvi. 


leged againſt this ſyſtem, partly from ſcriptre, > 
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xvi. 30. The world ſhall be ſtable, that it 
be not moved. The ſame is ſaid, Pſal. xciii. 1. 
« The world alſo is eſtabliſhed, that it cannot be 
„ moved.” And fo the ſame again Pſal. xcvi. 
10. In Pfal. civ. 5. God is faid < To lay 
ec the foundations of the Earth, that it ſhould 
ce not be moved for ever.” And laſtly, Solo- 
mon, Eccleſ. 1. 4. afferts that “ The earth 
c abideth for ever. Like to which i is that of the 
Pſalmiſt, Pſal. cxix. go. ** Thou haſt eſtab 
c liſhed the Earth, and it abideth.” ” Theſe are 
the principal texts which ſeem to aſſert the 1 im- 
: mobility and ſtability of the Earth. 


2 


The principal texts which mention the motion 
of the Sun and heavenly bodies, are fuch as 

_ aſcribe riſing, ſetting, « or 3 ſtill to them. 

Thus Gen. xix. 23. The Sun was riſen 
« upon the Earth, * Lot entered Zoar,” 
And Gen. xv. 17. When the Sun went down, 
„ and it was dark, a ſmoaking furnace, &c.“ 
So Eccleſ. i. 5. © The Sun ariſeth, and the 
ol Sun porta N and haſteth to the place were 
„ he aroſe.” So Pſal. xix. 5. 6. The ſun is 
ſaid © to come out of his chamber like a bride- 
ce groom, and to rejoice as a ſtrong man to run 
* a race. That his going forth is from the end of 
« the Heaven, and his circuit unto the ends of 
« ir,” Purſuant to which expreſſions of the 
EE. 7, ans 
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Sun's moving, it is ſaid alſo to ſtand Rill, and to 
go backwards. Thus Joſh. x. 12, 13. Sun, 
K ſtand thou ſtill upon Gibeon, and thou Moon, 
in the valley of Ajalon. And the Sun ſtood 
« till, and the Moon ſtayed. So the Sun ſtood 
ce ſtill, in the midſt of Heaven, and haſted not 

„ to go down about a whole day.“ And in 
2 Kings XX. 10. and Iſai. xxxviii. 8. the Sun is 
| faid to have returned ten degrees backward in 
one of the places, and its ſhadow to have done 
ſoin the other. e 


A 


1 heſe are the chick texts of fcripture, which 
ſeem to lie againſt the Copernican hypotheſis, 
in anſwer to which, this may be ſaid in general 
to them all: that fince the deſign of the holy 
g writings is not to inſtruct men in Philoſophical, . 
but divine matters, therefore it is not neceſſary 
to reſtrain the ſenſe of thoſe texts to the ſtrict 
propriety of the words, but take them to be 
ſpoken according to the appearance of things and 
the vulgar notions and opinions which men have 
of them, not according to their reality, or phi- 
| loſophical verity. Thus in divers other in- 
ſtances the holy ſcriptures ſpeak, and thus even 
philoſophers themſelves ſpeak. Yea, the Coper- 
nicans themſelves, altho' they profeſſedly own, 
and defend the contrary; yet in vulgar ſpeaking 
in our preſent caſe, ſay, The ſun riſeth, ſetteth 
WOT" 3 8 and 
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and moveth, &c. making that to be the act of 
the Sun in vulgar diſcourſe, which they contend 
to be in reality performed by the Earth. And 
if philoſophers and others did not thus expreſs FORE 


themſelves according to the appearance of things 


and men's vulgar apprehenfions of them, it 
would need a comment, and they muſt explain 

themſelves every time me ſpeak, in order to 
8 their being underſtood. 


Having given this general anſwer, I ſhall next i 1 


conſider the particular texts themſelves ; and ſee 
whether they neceſſarily infer what they are 
for the proof of. 


i And in the firſt vine, as for the texts „ brought 
to prove the inimobility of the Earth, it is ma- 
nifeſt that the ſtability of the world, mentioned 
in the three firſt texts, doth not relate to the 
earth's motion, either annual, or diurnal, but 
to the condition, ſtate, and order of the LEROY 
inhabiting the Earth, particularly the peace and 
proſperity thereof. One of our own lateſt, and 
moſt learned commentators, the late biſhop Pa- 
trick 7, underſtands the goſpel- ſtate to be meant 
in the firſt and third of the texts. And his para- 
| _ phraſe 


5 See his commentary on Chron. and his paraphraſe on Pſalms. 
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phraſe on that in Pfal. xciil. 1. * de who made 
„ the world, will ſupport that excellent order 
* wherein we are ſettled ; ſo that it ſhall not be 
cc in the power of man to diſturb what he hath 

« eſtabliſhed,” 


„ 


* | 


. As for what | is faid in Prat. cive : 6 it is manifeſt 
that the pſalmiſt i is there celebrating the works 5 
of creation; and that there was as fair an occaſi- 

on of ſpeaking of the Earth's reſt, in relation 8 


its own motions, as any where. But yet even here 


alſo the ſeeurity and permanenc y of its ſtate i is the 
thing aimed at. The laſt moſt learned com- 
mentator thus paraphraſes on the place : 20 Who 
Ts hath ſettled the maſſy globe of the Earth, even 
in the liquid air, upon ſuch firm foundations, 
that none of thoſe ſtorms and tempeſts which 
beat upon it from without, nor any commotions 
from within, can ever ſtir it out of the place he 


hath fixed for 1 be 


As for the two remaining places in Eccleſ. and 
 Pfal. cxix. it is plain enough that their deſign 
is to ſhew the vanity and inſtability of the things 
of this world, that they are all more fleeting and 
uncertain than other matters, even than the: 
Earth itſelf, on which they have their refidence. 


2 Biſhop Patrick's paraph 2 Pſal. civ. 3. — 


192 7. erions AGAINST 


Ti Eccief, the wiſe man (who had acai to 
prove all things here below to be vanity) begins 
with the ſtate of man himſelf, and ſhews _ to 
be more fickle and tranfitory than the Earth, 
-which the various generations of men live, 1 5 
to which their bodies do all return again. The 
generations of men * away; „but the Earth 
c abideth for ever,” in the ſame unalterable con- 
dition, without ſuch going and coming, as that 
of the 3 of men have. 


i In Pfal. erir. 90. the Pſatmift celebrates God's 
faithfulneſs to all the various and ſucceeding 
generations of the world, which he ſhews to be 
as conſtant and as unalterable as the Earth itſelf, 
which God hath fo eſtabliſhed, that it abideth 

through all the ſeveral generations of men, when 
they at the ſame time are fleeting and chang- 
ing. 


Thus it appears that all thoſe ſeveral texts 4 
which aſſert the ſtability of the world, or Earth, 
prove nothing againſt the Earth's motion, in a 


philoſophical ſenſe; only expreſs ſome moral, 
theological truths. 


: . 
And ſo the ſame may be ſaid of thoſe other 
places of ſcripture, which mention the motion 


of 


1 9 
of the Sun and other heavenly bodies, that fay, 
they riſe, ſet, and perform the motion which 
the Copernicans aſcribe to the Earth. If we 
| ſhould take theſe expreſſions in a philoſophical, 
ſtrict, literal ſenſe, and not as vulgar expreſſions I 
ariſing from the appearance of things; ; we ſhall 
find that very odd and unreaſonable conclufions' 
| may as well be collected from thoſe ſeriptures as 
the Sun's motion: as that the Sun hath annual“ 
- life, motion, and defire, being ſaid to act theſe 
5 things itſelf, to riſe, to ſet, yea to haſte to the 
place of his rifing, or, as the Hebrew hath it, 
to Pant after, or eagerly to deſire it 2. So in 
 Pfal. xix. the elegant pfalmiſt giving a poetical 
N deſcription of this noble and admirable wort 
God, the Sun, faith, cc God hath, in the Heavens, 
made A tabernacle for him ; ; as if the Sun had an 
| houſe, a reſting-place provided for him; from 
Which he comes daily forth with beauty and 
luſtre, as reſplendent as that of a bridegroom ; J 
and with the ſame ardeney, joy, and diligence 
runs his courſe, as a champion doth his race. 
And laſtly his going forth is ſaid to be from the N 
end of the Heaven, and his circuit to reach to the 
ends thereof; as though the Heavens had two 
extremities, or was, as he” ancients fancied the 


— inet.” - 


2 


. Duet Anhelavir, inhiavit, vid. Buxtor, Lexicon. 8 
* II. 5 N a Earth 
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94 


took himſelf, and was thence ſaid 7ingere ſe n 
* dip himſelf 1 in * dean when he E. 


not this ſtation as well be an arreſt of the Earth's 


tions or extraordinary meteors, &c. 


* 


Earth to be, a long large plane, venuded by the 
ocean, under which they imagined the Sun be- 


"EY as in theſe "IVE of dannen the . is 
Laid to move; ſo in the other places he is ſaid to b 
ſttand ſtill, and to go backward. But we ſhall 
find, that very abſurd conclufions would follow 
| __ the taking thoſe texts in a ſtrict literal ſenſe, 
Por in Joſhua, the Sun is ordered to ſtand ſtill 
upon Gibeon, and the Moon in the valley of 
Ajalon. But it would be very abſurd to take 
this in a literal ſenſe, and imagine thoſe two 
great luminaries were confined to thoſe tra 
places, otherwiſe than in appearance to the vic- 
torious Iſraelites. And if ſo confiderable a part 
of the tranſaction be ſpoken according to its ap- 
pearance, why not the whole? Why might 


motion as that of the Heavens, if the whole 
miracle was not (as ſome not improbably think) 
effected by means of ſome preternatural refrae- 


And ſo for the W of the * or its ſhadow 
in Hezekiah's caſe, that which in appearance 

| ſeemed to be the action of the Sun is by divers 
learned 


T 
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learned men thought to have been the effect of 
ſuch like extraordinary refractions and meteors, 


as I mentioned in the laſt caſe: or if it was a 


real receſs, why not of the Earth, rather * = 
the Sun and whole * . 0 


Thus having anſwered the particular texts, it 
doth not appear that the ſcriptures oppoſe the 
Copernican ſyſtem, but that thoſe paſſages which 
ſeem to do ſo, are ſpoken more according as 
things appear, than as really they are. For as St. 
 Hieron faith, > Conſuetndinis ſcripturarum It is 
the cuſtom of the ſcriptures, for the hiſtorian 0 
to relate the opinion men had of many matters, 
as at that time theſe matters were by all people 
taken to be. And in another place e, “ There 
are many things in the holy ſcriptures, which are 
ſpoken according to the opinion of the time in 
which they were done, and not according to their 
reality.” And this is no other than what is very 


| reaſonable, and ſuitable to the end and defign 


of the holy ſcriptures, which, as I have ſaid, is 
rather to inſtru men in divine and moral doc- | 
trines, than „ truths. And n. ü 


mo Hieron, in Joſh. x. 


In Jerem. xxviii. 2 . 
15 1 N 2 hereto, 


bereto, St: Auguſtine ariſwers this very doubt eon: 
cerning the motion of the Heavens. % Some 
of the brethren (ſaith he) move a queſtion, 
whether the Heavens ſtand ſtill or are moved: 
becauſe, ſay they, if they are moved, how is it 
a ſirmament? and if they ſtand ſtill, how do the 
ſtars, which are believed to be fixt in them, 
revolve from eaſt to weſt, the northern ſtars de- 


which, faith he, I anſwer, ** That theſe things 
greatly require ſeveral ſubtle and laborious 
reaſons, to diſcover truly whether the matter be 
ſo, or not ſo. For the entering upon, and dif- 


ö ſcribing leffer circles near the pole?“ —Ta f 


cuſfing of which, I have neither time, nor is it 7 
| fit it ſhould be done to ſuch as we defire to in- 


ſtruct i in the way of eg for * nevellary ; 
benefit of the * church. 


3 5 r thus e - the objections from 

ſcripture, I ſhall in the laſt place conſider thoſe 
brought from ſenſe and philoſophy. 
The objections from ſenſe is, That we ſee the 
heavenly bodies actually to move, and therefore 


ought to believe they do ſo. But there is no 


* Auguſt. de Geneſi ad Literam, I. ii. 10. 


weight 


' 
* 
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tight in this, becauſe . we ourſelves, or 
che object moveth, it amounts to the ſame. As 
is manifeſt to any one carried in a boat or chariot; 


f their Port. 


| 7 8 bimur gh Iu, lerreque urveſque recedunt ?. 


1 e. Both lands and towns receded when we © 
left our port.” As for the reaſon hereof, I ſhall 


refer to the opticians, particularly the famous 


5 Kepler, who in his Optices Aſtronom. hath de- 


ſignedly handled this Point. 


The objections from nn are too nu- 


merous to be diſtinctly anſwered, eſpecially ſuch 


as ſeem very frivolous; particularly thoſe ground- . 
ed on a ſuppoſition of the verity of the Ariſtote- 


lian philoſophy; as the immutability and i incor- 


ruptibility of the Heavens, &c. For anſwers to 
which I ſhall refer the reader toGalilzo' s Syſtema | 
Mundi: but for ſuch objections as feem to have 
ſome reaſon i in n them, they are chiefly theſe, That 


* Zneid. 1. iii. car. 72. 


the progreſhve motion of which produceth the 
appearance of a regreſſive motion in the unmov- 
ed objects we look upon; according to Virgil's 
deſcription of Eneas and his OP 8 "OG 


Wi, if 


? ** . , 4} 
. 1 » _ * * — 
r : 
4 4 - Y 


| — Acarver 


at the Zarch be moved from W. to E. 2 bullet 
ſhot weſtward would have a farther range, than 
one ſhot Eaftward ; or if ſhot N. Or 8. it 1k 
would miſs the mark; or if perpendicularly up- 
right, it would drop to the weſtward of the gun. 
That a weight dropped from the top of a tower 
would not fall down juſt at the bottom of the 
tower, as we ſee it doth. That birds flying to- 
wards the E. would be hindered in their flight, 
but forwarded in flying the contrary way; with 
much more to the ſame purpoſe. But not to 
enter into a detail of anſwers that might be given 
to the laws of motion, and the rules of mechanics 
and mathematicks, I ſhall .only make uſe of the 
| moſt ingenious Galilzo' s plain experiment, 
| which anſwereth all, or moſt of the objections. 
6 Shut, ſaith he, yourſelf up with your friend 


in the great cabin of a ſhip, together with a 


| Parcel of gnats and flies, and other little winged | 
creatures. Procure alſo a great tub of water, 
and put fiſhes therein. Hang alſo a bottle of water 
up, to empty itſelf drop by drop into another ſuch 
bottle placed underneath, with a narrow neck. 
Wdilſt the ſhip lies ſtill, diligently obſerve how 
thoſe little winged creatures fly with the like 
x ſwifineſs towards every part of the cabin; how 


+ 2 Syſtem, Mand. Diat. 2. 
| the 
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the fiſhes Coin indifferently towards all tides; 
and how the deſcending drops all fall into the 
bottle undetneath; And if you throw any thing 
to your friend, you need uſe nv more force one 
way than . another; provided the diſtances be 
equal. And if you leap; you will reach as far 
one way as the other. Having obſerved theſe 
particulars whilſt the ſhip lies ſtill, make the 
ſhip to fail with what velocity you pleaſe, and ſo 

long as the motion is uniform, not fluctuating 

this way and that way, you ſhall not perceive 
there is any alteration in the aforeſaid effects; 

neither can you from them conclude, whether the 

ſhip moveth or ſtandeth ſtill. But in leaping 
you ſhall reach as far on the floor as you did be- 
fore ; nor by reaſon of the ſhip's motion, hall 
you make a longer leap towards the poop than 
the prow, notwithſtanding that whilſt you were 
up in the air, the floor under your feet had run 
the contrary way to your leap. And if you caſt 
any thing to your companion, you need uſe no 
more ſtrength to make it reach him, if he ſhould 
be towards the prow, and you towards the poop, 

; than if you ſtood in a contrary poſition. The 
drops ſhall all fall into the lower bottle, and not 


one towards the poop, although the ſhip ſhall 
have run many feet, whilſt the drop was in the 
air. The n in the water ſhall have 10 more 


N 4 — — trouble | 
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trouble in ſwimming towards the forepart of the 
tub, than towards the h inder part, but ſhall 
make towards the bait with equal ſwiftneſs, on 
any ſide of the tub. And laſtly, the gnats and 
flies ſhall continue their flight indifferently to- 
wards all parts, and never be driven together to- 
wards the ſide of the cabin next the prow, as if 
wearied with following the ſwift motion of the 
| ſhip. And if by burning a few grains of incenſe, 
you make a little fond, you ſhall perceive jt to 
aſcend on high, and hang like a cloud, moving 


indifferently this way and that, without any in- 5 
clination to one fide more than another. The 


cauſe of which coreſpondence of the effects, is, 
that the ſhip's motion is common to all things 
contained in it, and to the air alſo: 1 mean when 
thoſe things are ſhut up in the cabin: but when | 
they are above deck in the open air, and not 
obliged to follow the ſhip's - courſe, differences 


more or leſs may ariſe among the forenamed 
elects,” 


Thus Galilzo by this one a 1 
anſwered the moſt conſiderable objections de- 


duced from philoſophy againſt the motion of the 
earth. And thus much ſhall ſuffice for the ex- 


planation and proof of the Copernican ſyſtem ; 
n that part of it relating to the Solar 


ſyſtem. 


ordinary inſiſted on, for the ſatisfaction of many 


that I am ſenſible doubt of them, and particular» 


ly ſome of my friends, (and thoſe not unlearned 


too) who may be apt to read my following book 
with prejudice, whereſoever I favour the Coper- 


nican notions. 


or THE NEW SYSTEM. 


| the third, which is called the New Syſtem ; 


which extends the univerſe to a far more immenſe 
compaſs, than any of the other ſyſtems do, 
even to an indefinite ſpace; and repleniſhes = 
with a far more grand retinue than ever was be- : 


be fore aſcribed unto it. 


This new ſyſtem is the ſame with the Coper- 


nican, as to the ſyſtem of the ſun and its planets, 
as may be ſeen by the ſcheme of it in Fig. * 
But then whereas the Copernican hypotheſis ſup- 
poſeth the firmament of the fixt ſtars to be the 
bounds of the univerſe, and to be placed at equal 
diſtances from its centre the ſun, the new ſyſtem 
| ſuppoſeth there are many other ſyſtems of ſuns 
; pd a+ 
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ſyſtem, - Which things I have mare onde than : 


AND now I paſs from the ſecond ſyſtem to 
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are at a great and ſuſſicient diſtance from the ſun 
and us; ſo they are imagined to be at as due and 
regular diſtances from one another. By which 3 | 
means it is, that thoſe multitudes of fixt ſtars ap- 


à rude repreſentation in Fig. 3. together with 


neſs in it, for want of room to lay out all the 
ſeveral ſyſtems in due proportion; which is ne- 
ceſſary to a true repreſentation of the matter. 


tive planets) are placed without the limits of the 


ans planets, befides that in whieh we haves our 


refidence : namely, that every fixt tar is a ſun; 


"and encompaſſed with a ſyſtem of planets, both Y 
"ny" and ſecondary; as well as ours. 6 — 


- Theſe ſeveral ſyſtems of the fixt ſtars, as they 


pear to us of different magnitudes, the neareſt to 
us 2 thoſe farther and farther leſs and leſs, 


Of thoſe ſy ſtems of the fixt ſtars I have given 


that of the ſun; ; which may ſerve to give an 


unſkilful reader ſome conception of the ſtate of 3 


the univerſe; 3 although there be but little hike- 


In this zd Fig. the fixt ſtars with their ſyſtems 
_ (repreſented by little circles about thoſe ſtars, 
which circles fignify the orbits of their reſpec- 


Solar ſyſtem, and the Solar ſyſtem is ſet in the 
centre of the univerſe, and figured as a more 
grand 


| verſe, and whether among all the noble train of 
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| grand wy magnificent part thereof. And foir. | 
may be locked upon by us, by reaſon of its 
proximity and relation to us. But whether it be 
really io, whether it be in the centre of the uni- 


fixt ſtars „there be no ſyſtem exceeding ours in 
its magnificent retinue of planets, both primary 
and ſecondary, and other admirable contri- 
vances, is a difficulty as out of the reach of our 
glaſſes, ſo conſequently above our ability to 
fathom, although not at all improbable. But be 
the various ſyſtems of the univerſe - as they will 
as to their dignity, it is ſufficient that i in all pro- 
bability there are many of them, even as many 


as there are fixt ſtars, which are without num- 


ber. e „ 
This 3 of the univerſe, as it is phyſically | 
demonſtrable, ſo is what, for the moſt part, I 
have followed in the enſuing book, but not ſo 
rigorouſly and obſtinately, as utterly to exclude 
or oppugn any other ſyſtem ;_ becauſe as the 
works of God are truly great, and ſufficiently 
manifeſt their excellence and magnificence in any 
ſyſtem; fo I was willing to ſhew the ſame in ſuch 
ſyſtems as I had occafion to ſpeak of them; 
becauſe I would not offend, and conſequent- 
ly not bar the force of my arguments upon 


8 N e IE = | ſuch 
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fluch readers, as might happen to be wedded to 
the Ariftotelian principles,” or prejudiced- to the 
Ptolemaic, or any other ſyſtem: nor that I had 
myſelf any doubts about this new ſyſtem, but 
think it tobe far the more rational and probable 
of any, for theſe reaſons : 3 
"At Beete it is Rar the moſt bene of 
any; and worthy of an infinite Creator: : whoſe 
power and wiſdom as they are without bounds 
and meaſure, ſo may in all probability exert 
themſelves in the creation of many ſyſtems, as 
well as one. And as myriads of ſyſtems are 
more for the glory of God, and more demon- 
ſtrate his attributes than one, ſo it is no leſs pro- 
bable than poſſible, there may be many befides 
this which we | have the privilege of living in. 
But it is very highly Ps the matter i" s ſo, 
by reaſon OI: 


2. We ſee it anz ©, as far as it is polible i * 
can be diſcerned by us, at ſuch immenſe dif- 
tances as thoſe ſyſtems of the fixt ſtars are from 
us. Our glaſſes are indeed too weak ſo to reach 
bode ſyſtems, as to give us any aſſurance of our 
ſeeing the planets themſelves, that encompaſs 
any of the fixt ſtars. We cannot ſay we fee them 


actually moving round their reſpective ſuns or 
| | by ſtar 8. 
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ſtars-; But this we.can Adem, view That the 
j xt ſtars have the nature of ſuns, as I have made 
probable in Book ii. Chap. 2. As {alſo that there 
are ſome, things very like unto planets, which 
ſometimes appear and diſappear in the regions of 
dme fixt ſtars; as I have n in roy: ee 
new ys Book: 11, , Chaps Ze acts 


: "4 : i 17 
5 4 — 2 Ss » 


MA ; * 


* beſides 8 1 1 ad e Ive chn 
oy anden to add from ſome late obſervations I have 
made ſince my writing that part of my book ; 


and that is, that the Galaxy being well known 


to be the fertile place of new: ſtars, the region 
in which they commonly appear, I am much in- 
clined to be of opinion, that the whiteneſs: there 
is not cauſed by the bare light of the great num- 
ber of fixt ſtars in that place, as hath commonly 
been thought, but partly by their light, and 
partly (if not chiefly) by the reflections of their 
i planets ; which ſtop and reflect, intermix and 
blend the light of their reſpective ſtars or ſuns, 
and ſo cauſe that whiteneſs the Galaxy preſents us 
10 with; which hath rather the colour of the re- 
flected light of our moon, than the n, 
1 light of. our ſun, el 


And that there are RIG enough. for this 
purpoſe, I ſuſpe&, becauſe I have ſome reaſons 
to imagine that there are many more new ſtars in 

3 ä 


— 
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we milky way (all which 1 take to be à kind of 
1 globes) than have ever yet been taken 


"8 notice of, and that many of thoſe prodigious 
numbers of teleſcopial ſtars viſible there, are of 


faxt ſtars og 


F This ſuſpicion I have for ſome 


time had, but eſpecially lately from my views of 
the new ſtar that now begins to diſappear i in the EL 
Swan s neck. Which gave me occaſion to inſpect 3 
5 ſome other parts of that conſtellation, moſt x parts : 
of which are well repleniſhed with a numerous 
train of ſmall ſtars. Amongſt which, ſome- 


times methought more have preſented them- 


ſelves through one and the ſame glaſs; and ſome - 
times I have miffed ſome I thought I before 
ſaw; and ſometimes alſo methought I have ſeen 
them nearer too, and ſometimes. farther off thoſe 
ſtars, that did conſtantly preſent themſelves. 
But as theſe things are to myſelf novel, and 
 whatT confeſs I have rather ſuſpicions of, than 
5 certainty, I ſhall refer them to the future obſer- 
8 vations of myſelf and others, for their confirma- 


tion eſpecially, becauſe thoſe approximations 
and receſſes of ſome of the little ſtars I ſpoke 
of, ſuit not with the obſervations of ſome very 
eminent aſtronomers, ET 
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the numbers of new ſtars or planets, and not of 
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Theſe obſervations, as they will open to us a 
new, and admirable ſcene of the heavens, (if it 
be as I imagine) ſo, I earneſtly recommended the 


enquiry into it to ſuch as delight in thoſe matters. 
For the doing of which, I conceive it may be 


ſufficient, and the eaſieſt courſe to make the ob- | 


ſervations in ſome one part of the milky-way, as 
in ſome part of the Swan ; as much or a little 


more than falleth within the compaſs. of the- 
teleſcope you make uſe of, which Was the way 1 


practiſed, in that part of the heavens in which 1 
obſerved, 


- leſs, and are more troubleſome i * ng 


are imagined to be about the fixt ſtars. To 
which the anſwer is, that they are worlds, or 


places of habitation; which is concluded 2 


their being habitable, and well Provided for ha- 


hitation, This is fr manifeſt in our ſolar 
| | planets, ZI 


All the ftars that fall within this 
area, an exact map muſt be taken of, which will 
ſhew when any variations happen. And for tak- 

ing in the larger area of the heavens, a glaſs of 

fix or eight feet is ſufficient, and rather better for 
the pyrpoſe than longer glaſſes, which take | ig 


Hoes thus „ the 4 of the uni- 
verſe according to the new ſyſtem of it, the 
uſual queſtion is, what is the uſe of ſo many. 
planets as we ſee about the ſun, and ſo many as 
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planes, from their being opake bodies as our 
earth is; conſiſting in all probability of land and 
waters, hills, and valleys, having atmoſpheres 


about them, moons miniſtering unto them, and 


being enlightened, warmed, and influenced by 
the ſun, whoſe yearly viſits they receive for ſea- 
ſons, and frequent returns for days and nights. 
All which particulars are fully treated of in the 
following book, and need not therefore to be an- 
ticipated here. Only there is one thing, which, 
for want of ſufficient obſervations, I could not ſo 
fully ſpeak of as I would; and that is concern- 
ing the ſeas in the moon, in book v. chap. 4. 
whoſe very exiſtence Mr. Huygens ® depies, ſay- 
= 7 Marium vero fimilitudinem illic nullam reperio, 
Sc. i. e. © In the moon I find no likeneſs of 
= © although Kepler and moſt others ares of a 
different opinion. For thoſe vaſt plane regions, 


which are much darker than the mountainous | 


parts, and are commonly taken for ſeas, and 
| bear the names of oceans; in thoſe very places 
viewed with a long teleſcope, I find little round 


cavities with ſhadows falling within them; which 


cannot agree with the furface of the ſea: as alſo 
thoſe very large fields, when carefully viewed, 
do not preſent us with a ſuperficies alwgetber' 


equal. Wherefore theſe cannot be ſeas, but are 
ſuck þ paz as conſiſt of A leſs bright matter 


- 5 Colmerkeorof, p. 114. DE 
than 


/ * 
- 
| * 
| 4 


or SEAS _ nA Moc 


* 
3 


thin wet whilh is in ithe hilly parts, but i which 


alſo there are ſome places brighter than dthers.” 


Thus the moſt ingenious Mr. Huygens,,” who 


then proceeds to ſhew that etc" are neither 
rivers, clouds, air, or as i 


Pug 


But that there are ſeas; or great collections of 


water, and conſequently rivers, clouds, ait, and 
vapours in the moon, I ſhall make out from 
ſome of my own views and obſetvations ; many 
of which were made with Mr. Huygens's owh 
long glaſs before mentioned : through which, 
and all other long glaſſes, inſtead of imagining 
the lunar ſpots to be unlike ſeas, I have always 
thought them to look more like 2 than 


9 ſhort t glaſſes, : 


It is true indeed that in thoſe ſpots we take” to 
| be the ſeas, there are ſuch. cavities as Mr. 
Huygens ſpeak of, or rather mountains with 


| ſhaded cavities in them, as alſo ſome parts leſs 


dark than others. Thus in the ſoutherly parts of 


the Lunar Euxine and Mediterranean, in the 


Sinus Sirbonis, the Egyptian, and divers other 


ſeas, there are ſeveral ſuch parts that appear mote 
luminous than others, ſome having the appear- 
ance of rocks and iſlands, ſome of large ſhal- 
lows, particularly towards the ſhores, and eſ- 
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50 * in the ſeas bordering on the continents, 
ſuch as the great ſouthern continent of the Lunar 
Egypt and Palæſtine. But this is no concluſive - 
argument of thoſe parts not being ſeas ; becauſe 
they may be ſeas having many iſlands and ſhal- 
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lows in them. But then in other parts, and even 


in ſome parts of theſe laſt named, the ſpots ap- 
pear darker, and with but few of thoſe emin- 
encies or iſlands, thoſe brighter or ſhallow parts. 
Thus the northerly Euxine and Mediterranean, 
the Palus Mzotis, and many other of thoſe 
lunar ſeas; few of thoſe parts that have the aſ- 
pect of iſlands or ſhallows are to be diſcerned in 
them, only one here, and another there, at con- 85 
ſderable diſtances from one another. 9 


And. in this very manner I doubt not our 
terraqueous globe would appear, if viewed at the 
moon, or at ſome miles aloft, We ſhould there 

| perceive our deep oceans would be of a darker 
colour, like the darker ſpots of the moon; and 


the ſingle iſles of St. Helena and Aſcenſion, and 


the more numerous ones of Ladrones, Canaries, 
Azores, &c. to have the ſame appearance that 
the few ſcattered iſlands have in the deeper lunar 
ſeas: and our ſhallow ſeas with the numerous 


rocks antl iſlands diſperſed about them, eſpecial- 


* m "THE MOON. 


1ytowards 4 continents, would look as thoſe in 
N che moon do. * 


7 hat 4 on? S with the geogra- 
phy, of the moon, may apprehend what I have 
ſaid here and elſewhere, concerning the parts and 
appearances of the moon, I have repreſented 
them in Fig. 10. and 11. In Fig. 10. the face of 
the full moon is repreſented, its bright and dark 
parts with moſt of the names given them by 
Hevelius, whoſe Lunar Geography is juſtly the 
moſt followed. In Fig. 11. I have repreſented 

the appearance of the moon's edge on this laſt 
Nov. 4, 1714, ſoon after the quadrature, for 


the explication of what is ſaid concerning the 


_ evenneſs of the ſurface of the lunar ſpots in 
book v. chap. 4. It may be there obſerved, that 
the furfaces of all the ſeas appear ſtrait and level, 
only the top of here and there a rock or iſland 
preſents i itſelf at a ſmall diſtance, Thus the ſur. 

face of the Hy perborean ſea between a and b ap- 
pears even and level, although through a tele- 
ſcope that ſea looks but like a great lake or 
marſh. So do the parts of the Mediterrranean 
about ad, from h, to i, except when they are in- 
terrupted by rocks or land, as they are at , g, ö, 
and c. At the laſt of which places, begins a 
ridge of hills encompaſſing the northern part of 
— O 2 —.— — 0 
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the Mediterranean, which makes a pretr wen is 
the teleſcope. 


And now 3 how accompliſhed the 
moon, and all the other planets are for habita- 
tion, how ſolemn an apparatus is in them 
for this ſervice; and conſidering alſo | that 


theſe accoutrements relate to their reſpeQtive 


planets only, and in all probability are of little 
or no uſe to our earth; with great reaſon there-_ 
fore the maintainers of the new ſyſtem conclude 

| thoſe planets, yea all the planets of the ſun and 


of the fixt ſtars alſo, to be habitable worlds; 


places, as accommodated for habitation, ſo 
ſtocked with proper 1 — 25 


But now the next queſtion 1 put is, 

What creatures are they inhabited with? But 
this is a difficulty not to be reſolved without a 
revelation, or far better inſtruments than the 


world hath hitherto been acquainted with, But 


if the reader ſhould have a mind to amuſe him- 
ſelf with probable gueſſes about the furniture of 
the planets of our ſolar ſyſtem, what countries 
it is probable are there, what vegetables are pro- 
duced, what minerals and metals are afforded, 
what animals live there, what parts, faculties, 
and endowments they have, with much more to 


| A PLURALITY or WORLDS. | * 13 , 


ce fame be be may find a pleaſant enter- 
tainment enough in the great Mr. Chriſtian 


Huygens's Coſmotheoros, and ſome 8 
thors that have written on the fubjet. To 
which I ſhall refer him, rather than give either 
him or myſelf any farther trouble about theſe 

I; which * conjectural. 


Thus having, for the ſake of the unſkilful 
reader, given an account of the three ſyſtems 

; principally concerned in the following book, and 
having alſo, for the ſake of the doubting reader, 
infiſted more largely than ordinary upon the two 
laſt of theſe ſyſtems, little remaineth for the 

putting an end to this long preface, but to make 
my excuſe (if it needs any) for aſſigning the dia- 


meters and diſtances of the heavenly bodies in 
Engliſh miles, rather than other larger meaſures, 


whick would perhaps have come nearer the truth, 
But this was alſo for the ſake of ſuch as are not 

very converſant in aſtronomical matters and 
dimenſions: who can better underſtand you, 
when you ſay, it is ſo many miles, than ſo many 
degrees, minutes, or ſeconds, or ſemidiameters 
of the earth, or the other planers, 


And now for a conclufion, I ſhall only intreat 
all my readers to join with me in their earneſt 
O 3 3 


214 uE CONCLUSION, * 


prayers, chat as this e is acfigned foi He 
good of mankind, particularly for the convie- 


tion of infidels and irreligious, for the pro- 
motion of the fear and honour of God, and 
the cultivating of true religion, bo 1 it may have 1. 


its deſired effect. 


W. DERH AM. 


| Tin plalmiſt faith, h ce The hand bets . 

ec the glory of Gad; and the firmament 

« ſheweth,” publickly declareth, telleth forth, 

15 or preacheth his handy work, as the Hebrew © 

| word fignifies : that day unto day uttereth 

„ ſpeech, and night unto night, ſheweah, or 
et tells forth, 5 Which language 4 


4 Plalm xix. I, 25 3: | 


, T2 fignificat aliquid verbis efferre, coram nuntiare, annun 
ciare, Conrad. Kircher. Concord. col. 226. vol. 11. It 15 derived 
from NF Coram, 3 — —— 


3) Tat = 


8 Diagoras, or Socias, or Epicurus. 
Plato's arguments for the proof of a God, 1 is? 


4 * * | FLOG 
rns AND CONSENT OF, NKrions, 1 


the deavend is ſo plain, and their characters fq 


legible, that all, even the moſt harbaroug 
nations, that haye no ſkill either in languages or 


letters, are able to underſtand and read what 


they proclaim. „ There is no ſpeech | nor 
© language where their voice is not heard: their 
* line is gone out through all the earth, and 
oo their words to the end of the world. 


That this obſervation of the plalmiſt 18 agree⸗ 


ahle to experience, is manifeſt from the dedue- 
tions which all nations have made from. God's 
works, particularly from thoſe of the heavens; 24 


namely, that there 1s a God; and that ſuch as 


have pretended to atheiſm, and have deduced 
| God's works from chance, &c. are ſingular A 
5 monſtrous i in their opinions. Thus faith Alan, * « 
+ 8 "There never was any barbarian that contemn- 
dé ed the Deity, nor called in queſtion whether 


ce there be any gods or no; or whether they 


de take care of human affairs; No man, neither 
ec 


Indian, nor Celt, nor Egyptian, ever entertain- 


« ed any ſuch thought : as Eumerus the Meſſenian, | 
„ Dionyſius the Phrygian, or Hippo, or 


L 


So one of 


9-286 vis. ae 
De Legibus, I. x. 


2 that this can be no idle fancy depending on the 1 * 


16 The WT pantene & all, both | 
tec and Barbarians, who confeſs Wand are 2 + 7 
And Plutarch, agrecable to what our pſalmiſt 5 
affirms, tells us whence they collected this know- — & «4 
ledge of a Deity, © Men,” faith be, © begans ,, ® *® 
be wn acknowledge a God, when they ſaw the 
ſtars maintain ſo great a harmony, and the days 
& and nights through all the year, both in ſum- 
mer and winter, to obſerve their ſtated rifings . - 
te and ſettings.” And to paſs over a great dead 
of this kind, that I could cite from divers hea- 5 
then authors, « What, faith the Stoic in > . 
Tully, nc can be ſo plain and fo clear, as when E 
n behold the heavens, and view the heaven 
& ly bodies, that we ſhould conclude there is 5 
ec ſome deity of a moſt excellent mind, by which 
e theſe things are governed ?—a preſent and Al- 
* mighty God, Which he that doubts of, 1 do + 
© not underſtand, faith he, why he ſhould not — 
« as well doubt whether there be a ſun or not 1 
* that ſhines,” And then he goes on to prore 0 
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caprice of man: but a well Srounded, ſubſtantia] * 


m De placit. Philof. Lis „% T 3 
v Quid enim 1 eſſe tam apertum, tamque perſpicuum, © cum 4 08 * 
Czlum fuſ &c, De Nat. Deor. I. ö „ 
n c. at, Deor. ll. e. 2. 85 | 
opinion 


[ L = Mi 
* ' * 


% - 3 
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: Shinidn, | bearing the teſt of ages, and confillnet | 
by the length of time, © For,” ſaith he, time 
e wears out the figments of opinions, but con- 


* * 


* as are grounded upon the true judgment and ö 


even to the heathen world; ſo manifeſtly are 
they the handy-work of God. And that they are 


ſeven particulars, 


| proton, 0 OF THE WORK.” 


firms the judgments of nature; or ſuch notions 


« nature of things. For which reaſon, faith he, 


ccc both among ourſelves, and in other nations, 


* the veneration of the gods, and the ſacred- 


“ neſs of religion, augment and i improve every | 
0 & more ag — 1 


Thus cc the heavens dals the glory of God,” 


his work, will appear by * a view of — 2 


a K. The magnitude of the heavens. 


2. The great number of the heavenly bodies, 
3. Their diftances. 


Their figures. 

6. Their gravit y. 

7. Their light and heat, a the admirable. 
| proviſions made for thoſe benefits. - 


4. Their motions, 
LY 
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BOOK I. 


SM, THE 


M A G N 1 TU D E 


= THE 


1 * 13 R 8 k. 


AND THE 


BODIES THEREIN CONTAINED. 


CHAP. L 


THE ANCIENT AND MODERN RECKONINGS - 
COMPARED, 5 


Bron the invention of the teleſcope, the 
| univerſe was thought to be confined within 
far more narrow bounds than it is fince found to 
be, the fixt ſtars being imagined to be all placed 

in the ſtarry heavens (which they called the 

firmament) at equal diſtances from the earth 
(the centre) like ſo many golden nails driyen . i 2 
the top of ſome arched roof, or other circular 
concave, 


22 THE MAGNITUDE OP THE UNIVERSE, &c. 


4 concave, | "encompaſſing our eye. 1 beſe, al- 

though far more narrow bounds, and a more 
ſcanty reckoning than it ſhould be, yet was ſuf- 
ficient to ſhew who was the maker of ſuch a n=" 
pendous arch, and fo noble a train as is contain- 
ed therein. | 


8 
2 


| +. 


But according to the modern reckoning (which 
is far the moſt rational, and grounded upon bet- 
ter phenomena) we ſhall find this branch of the 
creation far more magnificent, and worthy of its 
infinite , than thoſe mer computations 


made it. 


And how . ms magnificent a e 
the heavens are, will appear by a diſtinct con- 
5 ſideration of the magnitude of the beavenly 
bodies themſelves; and * the ſpace in which 
* . . 


CHAP. 


THE MAGNITUDE OF THE HEAVENLY BODIES. 


come to particulars. | 


T1 he $7 by which we uſually gage and | 
compare the heavenly bodies, is our terraqueous 
globe; of whoſe dimenſions and bulk we can 


make a pretty good eſtimate, having tolerably 


good and accurate obſervations leading us there · 
to: the particulars of Tour have had occafion 5 


elſewhere to ſpecify ©. 


| *« Phyfico-Theol. B. ii. e. 2. In which place L have made uſe 
of Mr. Picart's meaſure of the earth. But notwithſtanding the 


difference be but ſmall, viz. a little above 32 miles in the whole 


diameter of our globe, yer I ſhall make uſe here of our Mr. Nor- 
wood's 


30 


| LTHOUGH we are not table to give a cer- 
tain determination of the magnitude of the 
— bodies by reaſon of their vaſt diſtances, 1 
yet enough we know, and are ſure of, concern- 
ho. their immenſe magnitudes, to convince any 
one that they are the works of God. But to 


By 
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- By theſe obſervaribas it appears that the da- 
meter of this our globe is above 79 hundred 
miles; that conſequently i its ſurface i is a good deal 
above 199 millions of miles, and its ſolid con- 
tent or bulk near 265 thouſand millions of miles. 
If therefore we ſhould go no farther from home 
than our own globe, a maſs we here have wor- 
thy of an infinite Creator, a work Proclaiming 
that * * chat made it. 


But as — a body as this ſeems to be, it is 


0 | much leſs than many, yea moſt of the heavenly . 


bodies that are viſible to us; except two or three 
of the planets, which dem to be leſs than our 
globe ; namely Mars, whoſe diameter is reckon- 
dd to be but 4875 Engliſh miles, and the Moon, 
whoſe diameter is but 217 5 miles; and Mercury, 
* whoſe diameter 1s 2748 miles: but yet theſe 


vaſt 


 wood's and Monſ. Caffini's meaſures, becauſe they agree to almoſt a 
/ nicety, and Mr. Caſſini's were made (by the king's command) at 
greater diſtances, with the greateſt accuracy. And according to 

theſe meaſures, the diameter of the earth is 79677 Engliſh miles, its 

ſurface 199444202 miles, and its ſolid content 264856000009 miles. 


The number of miles, which I have here and all along afſign- 
ed to the diameters of the ſeveral planets, are the mean numbers 
between Mr. Flamſteed's in Mr. Whiſton's Aſtronomical Lectures, 
and Mr. Huygens's in his Syſt. Saturn. and Coſmotheor. which (as 


Mic. Whiſton firſt ſuggelted to me) ſeems to be neareſt the truth. 


8 


For 
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vaſt and amazing bodies too! But for the reſt, 
there is good reaſon to imagine their bulk ex- 
ceeds that of our terraqueous globe. Thus the 
two ſuperior planets by far exceed us; Saturn 
being computed at 93451 miles in diameter, and 

conſequently at 427318 300000000 miles in its 
bulk; and Jupiter at 120653 miles in diameter, 
and 9201200000000 miles in bulk. But yet 

as amazing maſſes as theſe all are, yet they are 
all far outdone by that ſtupendous globe of fire, 
the ſun; which as it is the fountain of light and 


heat to all the planets about it, affording them 


by his benign rays, and kindly influence the 
great pleaſures and comforts of life; ſo doth it 
as far ſurpaſs them in its bulk ; its apparent dia- 
meter being computed at 822148 Engliſh miles, 
and its ſolid content at 29097 1000000000000 


miles, ſuppoſing the face we ſee of the ſun to be Ch: 


its true and real globe. 


For hi the rays Dy light, when intercepted by the edge of a 
knife or other body, are (as Sir Iſaac Newton obſerves in his Princip. 
I. i. prop. 96.) are ſome what bent, as if attracted from a ſtraight line 
by that body ; and whereas Mr. Flamſteed's meaſures were taken 
with a micrometer that pinches or claſps the oppoſite edges of a 
planet which would incurvate the rays one way ; and Mr. Huygens's 
were taken with the interpoſition of a thin tapering plate covering 
the planet as far as the extremity of its face, which would cauſe an 
incurvation of the rays the contrary way; therefore Mr. Flamſteed's 
meaſures are as much too little, as Mr. Huygens's are too large, and 
ER 20a the mean between them — neareſt the truth. 


Thus , 


. 
* 8 
* = - 
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Thus ſtupendous are the magnitudes F the 
8 of this our ſolar ſyſtem : but theſe are 
not all, nor perhaps the moſt conſiderable bodies 
of the univerſe. For the fixt ſtars, although in 
appearance but ſo many golden or flaming ſpots, 
yet are, with great probability, ſuppoſed to be 
ſo many ſuns, ſurrounded with their reſpective 
ſyſtems of planets, as our ſun is, and no leſs in 
magnitude, if not greater, (ſome of them at 
leaſt) than our ſun is, but only diminiſhed in 
appearance by their prodigious diſtances from us. 


lf now we reflect upon the prodigious maſſes 
of thoſe many heavenly bodies that preſent them. 
| felves to our view, and many more I ſhall ſhew 


are unſeen; what a ſurprizing ſcene do the hea- 


vens afford us of the great Creator's power! 1A 


train of ſuch immenſe bodies, that what leſs 


than an Almighty hand could firſt find matter ſuf- 
ficient for, and then compoſe, ſuch magnificent 
works! But yet what 1s the magnitude of all 
| theſe bodies to that immenſe ſpace i in which they 
are? Which is the next thing to be conſidered. 


CHAP, 


Cm) +» 


_ EHAP. III. 


or THE IMMENSITY OF THE HEAVENS, 


I.. 18 0 cat! mould give a \ diſtinct con- 
fideration to the immenſe ſpace poſſeſt by the 
heavenly bodies, becauſe it was once imagined to 
be limited by the narrower bounds ofthe Ptolemaic 
ſyſtem, by that which they called the 'arhuricy 
the ſtarry concameration, or firmament of the 
; fixt ſtars, as I have before intimated ; but now 
with far greater probability and reaſon i it is ex- 
tended to an indefinitely larger ſpace, a ſpace T7 
ſufficient without all doubt to contain all the 
noble variety of ſyſtems therein; not only our 
dun of the Sun, but all thoſe others I mentioned 
of the fixt ſtars alſo. But fot the better proof, = 
and more eaſy apprehenſion. of the magnitude of 
this vaſt expanded ſpace, let it be conſidered. 


1. That ſome, if not every one of thoſe vaſt 
globes of the univerſe, hath a motion. T his ! is, 
in ſome, manifeſt to our ſight, and may eafily be 

vol 11 2 — concluded 
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concluded of all, from the conſtant fimilitude 

and conſent that the works of nature have with 

one another. But in what manner theſe motions 

are performed, whether by the motion of the 

heavenly bodies round the Earth, or by the Earth 

round its own axis, Or any other * it matters 
not much how to — 


— ml is manifeſt that che Earth is ſet at ſuch a due 
diſtance from the heavenly bodies, and the heavenly 
bodies, at ſuch a due diſtance from one another, as 
tointerfere,claſh with ,ordiſorder one another; nay, 
fogreatis their diſtance, ſo convenient their ſitua- 

tion, that they do not ſo much as ecliſpe one an- 
aher, except ſuch planets: as are e called ſecondary. 


i It. is farther manifeſt alſo, that thoſe vaſt 
bodies are ſo far off, as to appear extremely ſmall. 
to our eye, conſidering their . mag- 

— watudes, 


Now for the erding o of this, or any of the 
other matters, it is neceſſary that there be a 
ſufficient ſpace. And that there is ſuch, and 
What that. ſpace is, we may make a judgment of, 


obſcrvations we have of theſe things. ns 


by conſidering. particulars according to the beſt 


v 
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And to begin neareſt home; the near̃eſt of the 
heavenly bodies to us is the Moon, whoſe orb is 
| the leaſt of any of the celeſtial globes, but yet 
the takes up a ſpace of neat 480 thoufand Englith 
miles in bfeadth ; to perform het monthly re. 
volution in. And as for the Earth, if with the 
modern we ſuppoſe it; together with its fatellite 
the Moon, to revolve round the Sun; or; which 
amounts to the ſame thing, if the Sun revolves 


round the Earth, this Magnus Orbis, as it is - 


uſually called, is a ſpace of above 540 millions of 
miles in circumference ” , Of 172 millions of miles f 
breadth. And if to that we add the increment 
tauſed 25 the — of the — or the exeurfion 
w_— 


| 4 Thie Moon's mean diſtance from the Earth; according to Sie 
| Ifane Newton's Princip. p. 430, is 604 ſemidiameters of the Ede; 

according to which the diameter of 1 Moon's . 10 dez . 
. e Mues. 5 


5 Concerning the diftance between the Sun and the Earth, 4 
a great diſagreement between the former and the latter aſtronomer s, 


occaſioned by the diſagreement between their obſervations of the 


Sun's horizontal parallax (which is equal to the Earth's ſemidiameter 
viewed at the Sun). Tycho making it three minutes, Kepler but 
ane, Bullialdus 2 minutes 2x ſeconds, and Ricciolß bu 28 ſecotids. 


Conſequently the diſtances ariſing from hence are leſs than thoſe of : 


the latter aſtronomers. The very ingenious and accurate Monſ. de 
La Hire, in his Tabul. Aftron. thinks the Sun's Rorizontal . 


P 2 
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of her orb beyond the nagnus orbis, we ſhall have 
a ſpace yet broader by near 280 thouſand miles, 
But as vaſt a ſpace as this ſeems to be, yet it is 
not ſuch as to cauſe either the Earth or Moon to 
claſh with any of the other celeſtial globes, as L 
have ſaid; nay, ſo far from that, that not ſo 
much as their ſhade approaches any of them. In 
which caſe, what ample orbs muſt the three ſu- 
perior planets have; what a ſpace is neceſſary 
for them and their more numerous moons to 


0 be not . mls, and his diſtance therefore to be 34377 
 ſemidiameters of the Earth, or 136952807 Engliſh miles. But 
although his obſervations were made fince, yet I ſhall make uſe of 
5 Monſ. Caſſini's number, being deduced from very ingenious and 
accurate obſervations of the parallax of Mars, and agreeing nearly 
vith the determination of two great men, Mr. Flamſteed and Mr. 
Huygens, and I may add Dr. Halley too, who make it about 10 or 
12000 diameters of the Earth. That great aſtronomer (Monſ. 15 
Ceaſſini 1 mean) aſſigus a number W them in his Les Elemens e 
J 2 L'Aſtron. 5 37. « That the Sun's parallax being fuppoſed to 
be 94 ſeconds, gives the diſtance of the Sun from the Earth 2 1600 
ſemidiameters of the Earth: which are equal to 86051398 Engliſh 
miles. And imagining the magnus orbis to be acircle (as it is in- 
deed an ellipſis not much differing from a circle, the double of that 
number is the length of its diameter, Viz. en 5 Engliſh 
miles. 


| Theſe numbers are different from thoſe I have aſſigned in my 


perform 
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perform their much larger eotefes in And 
accordingly ſuch ſpaces, they and the reſt of 
the planets are all found to have: Saturn an orb 
of 1641 526386 Engliſh miles diameter; Jupiter 
an orb of 895134000 miles; Mars of 262282910 
miles; Venus of 124487114 miles; and Mercury 
an orb of 66621000 Engliſh miles: all of them 

ſpaces ſo accurately laid out, and diſtances ſo 
duly proportioned to their revolutions about the 

Sun, that abundantly manifeſt infinite wiſdom to 
have been concerned in their appointment, as 

intend to ſhew in a proper moe, 


( 


But now after this account of this ſo pro- 


digious a ſpace as that of our ſolar ſyſtem = 


what is it to the nearly infinite expanſum occupi- 
ed by the reſt of the heavenly bodies! Of which 


we may have a faint adumbration by conſidering . 


the diſtances, which, with the greateſt probabi- 
lity of obſervation and reaſon, are aſſigned to the 
fixt ſtars. In order to the making an eſtimate of 
which matter, let it be ſuppoſed (which is uſu- 
ally allowed) that the fixt ſtars are ſo many Suns; 


5 Theſe numbers are deduced from the diſtance between the Sun 
and Earth aſſigned in the preceding note, and Sir Iſaac Newton's | 
| diſtances of the planets from the Sun computed from their periods in 
his Principia, L. iii. Phænem 4. and are, as I humbly conceives 

much more accurate than other calculations that [ have met with. 


P 7 that 
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2360  DISPANGE OF THE FIXT STARS 
that they are af the ſame, Or nearly the ſamo 
magnitude as our Sun is; and that the difference 
af their magnitudes ariſeth from the difference 


of their diſtances; if ſo, then it will follow, 


Fhat the fixt ſtars are each of them as much 


farther from us than the Sun, as their apparent 
diameters are leſs than that of the Sun, And 
foraſmuch as few of them appear otherwiſe than 


0 as points even through our beſt teleſcopes, there. 


fore how pradigiouſly farther muſt they needs 


be from us than the Sun is, to cauſe their appear- 


ance to be ſo very much leſs than the Sun? For 
an example, let us take pne of the fixt ſtars ſup- 
poſed to be neareſt to us, as being the brighteſt. 
and largeſt, namely Syrius. Now this, by ac. 
curate obſervations? , hath been found to be in 
appearance 27664 times leſs than the Sun; and 
conſequently, by the foregoing rule, it is fo 
many times farther off than the Syn is, which 
will amount ta above two millians of millions of 
Engliſh miles. And if ſo, what an immenſur- 
able ſpace is the firmament ; wherein a great 
number of ſtars leſſer and 2 and conſequent- ; 


— Compare the ſagacious Dr. David Gregory's demonſtration of _ 
this in his Aſtron. L. iii. Prop 56, 60, and 61. 


* Sec Mr. Huygens in Coſmotheor. p. 1372 


ly 
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ly Critic to the foregoing ſuppoſition) far- 


ther and farther off, are ſeen with our naked eye 


and many more diſcovered with our glaſſes, 
and ſtill many more and more with better glafſes 
v, in all probability many others that eſcape the 
mad of our utmoſt art to deſcry : which tnay 
conſequently be as far diſtant from thoſe we ſee, 
as thoſe are from u us, 


In viewing the Som with my longer glaſſes, eſpecially the 
Planets of a weaker light, it often falls out that divers of rhe fiat tar, 
and ſome of them very ſmall, preſent themſelves at the ſame tim 

within the glaſs, notwithſtanding its area is not ſufficient to contain 
both Jupiter, and his moſt diſtant ſatellites, By which it means it id 
ſometimes difficult to diſtinguiſh between thoſe fixt ſtars, and the 
ſatellitesof the planets, Thus I have ſometimes been ready to faney 


that I ſaw one or more ſatellites, near Mars, until by future obſery- ” 


ations I perceived they were only ſome of the teleſcopic fixed 
Tying in the way of Mars. So about Saturn, have often;difeern 
the likeneſs of many ſatellites, but I am not ſure I ever ſaw Fay 

three, From whence it is manifeſt, that in all parts of the Heavens, 
| there are many ſtars which preſent themſelves to our eye through | 
eur long gaſſes, that are 1 inviſible to us. 
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vrox THE MAGNITUDE OF THE HEAVENS, 


*AVING ſet forth thi prodigious d 5 

n of the heavenly ſpace, and of the bodies : 
therein contained, before we proceed farther, lex 
us pauſe a little to confider what influence theſe 
; things ooght to have upon u us. 
4 
And, in mort, Who can behold the regions 
above, and confider the things therein contained, 
and at the ſame time not own them to cc declare 
sc the glory of God? Who can view that im- 
menſurable firmament i in which thoſe bodies are, 
and not acknowledge his handy-work ? ? We ad- 8 
mire, as juſtly we may, the vaſt bulk of this our 
cov globe; but when we confider how much it is 
ſurpaſſed by moſt of the heavenly bodies, what 

a point it degenerates into, and how very little 
more even it, and what we call its great orb to- 
gether alſo, are, when ſeen from the heavens, 
5 this 
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this gives us a juſt * noble dew: of the infinite 
Creator's works, ſuch as is worthy of God, and ſuch 
as may make us ſlight, not overvalue this little 
| heap on which we dwell, and cauſe our thoughts 
and defires-to ſoar among the heavenly glories, 
But for an application of theſe conſiderations, let 
us hear Seneca's reflections upon the matter, 
who on this account recommends virtue, not 
purely « becauſe it is a noble thing i in its own 
nature, and a great bleſſing to, be free from 
evil, but alſo becauſe it enlargeth the mind, and 
prepares it for the knowledge of heavenly things, 
and makes it fit to aſſociate with God. Then 
ſaith he, the mind hath the e ee and full 


good of our human ſtate, when having conquered 8 


all evil, it ſoars aloft, and wandering among the 
: ſtars above, it is able to deride the ſtately ſtruc- 
tures of the wealthy, and all their riches. Nei- 
ther, ſaith he, can it contemn the porches and 
| roofs ſhining with ivory, the clipped groyes, and 
the pleaſant ſtreams conveyed to their houſes, 
until it hath wandered throughout the world, and 
from above, looking down upon this little globe, 
covered 1 in a great meaſyre by the ſea, and where 


Nat. Quzft. L. i. Præfat. 
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not ſo, ſlovenly, and either burnt up in one part, 
or frozen in the other ; it then ſaith to itſelf, is 
this that little point that is divided among ſo 


Many nations by fire and ſword? O how ridicul- 
ous are the bounds of mortals, when this river 


divides this nation, that mountain boundeth an- 
other, and that deſart another? For as for this 


world, faith he, it is a point in which ye fail, i in 


5 which ye war, in which ye diſpoſe of kingdoms. 


But above, are vaſt ſpaces into the poſſeſſion 


whereof the mind 1s admitted, on condition it 
hath brought but little of the body along with 
fit, that it hath cleanſed itſelf from every filthy 
x thing, and being diſengaged from the world, 
bath made itſelf illuſtrious, by being ape 
ous and light, and content with little things. 


When ſuch a mind, ſaith he, hath touched thoſe 


celeſtial regions, it is then nouriſhed and grows; 
and, as if delivered from its bonds, it returns to 
its original ſtate, And this argument it hath tf 
its divinity, that it delights in divine matters, 
and is converſant with them, not as things 
ſtrange, but its own. There it ſecurely beholds 
the riſing and ſetting ſtars, their different courſes, 
&c. There this curious ſpectator diſcuſſes every 


thing, and ſearches out every thing. And in- 


dieed what ſhould it do but pry into thoſe mat- 
ors ters, 


- 3 
1 


* 


| ters, fince he n they belong to himſelf, 


| begins to know God. 7 
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Then he contemns the narrow bounds of his 
habitation in .this world. And here at laſt he 
learns what he hath long enquired after; there he 
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of the heavenly bodies, I ſhall do the fame in 
this from their number; ; a number ſo great, that 


GREAT NUMBER 


HEAVENLY BODIES, 


CHAP. 1. 


A GENERAL VIEW OF THE NUMBERS OF THE 
HEAVENLY BODIES. 


TAVING i in the es en book given a $50 5 
monſtration of God, from the magnitude 


we cannot view and conſider them without 
aſtoniſhment. Were there no more of them than 
the ſun and the planets (both primary and ſecond- 


ary) ſuppoſed to move about his there would 
be 


be a number ſufficient to manifeſt an Almighty 


and wiſe Creator. But when we view the hea- 
vens, and ſee ourſelves ſurrounded with fo pro- | 
digious a number of iluftrious bodies, of vari- 
ous magnitudes : when we go to other parts of 


this our globe, from the northern, ſuppoſe, to 


the ſouthern pole, and there diſcover a great mul- 
titude of other ſtars that were never ſeen in our 
| hemiſphere; when we perceive the heavens 
thick beſet with them in every place : and when 
(as I already hinted), we view the heavens with 
our glafſes, and diſcover many more than our 
naked eye could reach; and when we again view 


them with better and better inſtruments, and ſill 


diſcover more and more of thoſe ſtarry globes; 
when particularly we ſurvey what they call the 
milky-way, and ſee the prodigious number, 1 
may almoſt ſay cluſters of ſtars, that fill that 
region of the heavens, and cauſe that remarkable 
whiteneſs there: I ſay, when we ſee ſuch pro- 


digious numbers of thoſe heavenly bodies, which 


no art of man can number; and when we far. 
ther conſider, that in all probability we do not 


ſee the half, nay perchance not the thouſandth 


. part of what the heavens do contain ; as we can- 
not but be ſtruck with amazement at ſuch a mul- 


titude of God's glorious works. ſo we cannot but 
own the great Creator in them ; and we are worſe 
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than men, if we do not Sive him his due praiſes. 


CHAP. ; 
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| THAT r FIXT STARS ARE SU Ns ENCOMPASSES 
WITH SYSTEMS oF PLANETS: 


1 


Arrroucn the number of the ENDS and a 
fixt heavenly bodies we ſee, are ſufficient 
to ſet forth the exiſtence, and praiſes of their 
great Creator, yet there is one thing more that 1 
cannot eafily paſs over (though i it hath only high 
probabilities for it) becauſe it gives us a fat 
more noble and agreeable idea of the creation, 
than the world was ever, that we know of, ac- | 
5 quainted with before; and that! is, that the beſt ; 
and moſt learned modern aſtronomers do gene- 

5 rally ſuppoſe the great multitude of fixt ſtars 
we ſec, or imagine to be in the univerſe, to be 
ſo many ſuns, and each of them encompaſſed | 
with a ſyſtem of Planets like our ſun. 


And hee fixt ſtars are fs. "of much 
the ſime nature as our ſun, there is great reaſon 
to conclude. 


1. Becauſe 
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1. Becauſe they are bodies no leſs immenſe (as 
I have ſaid) than the ſun, but only diminiſhed, 


in appearance, * their * diſtances | 
from us. 


* Becauſe they ſhine by their own native 
light, not by any borrowed from the ſun. For 
ſo great are their diſtances from the fun, and 
from us alſo, that it is not poffible their light | 
ſhould be received from the ſun, and reflected ta 
us, as that of the moon and other planets is. 
And withal, ſo briſk and vivid is their light, 
and ſo very ſmall their apparent diameters, when 
diveſted of their glaring rays, and made to have 
their true appearance through our teleſcopes, 
that no queſtion is to be made, but that they 
* mine by their own innate tc light, as our ſun doth. 


And if the fixt ſtars are fo many ſuns, certain- 
1y they miniſter to ſome grand uſes in the uni- 
verſe, far above what hath uſually been attribut- 
ed unto them. And what more probable uſes, 
than to perform the office of ſo many ſuns? that 
is, to enlighten and warm as many ſyſtems of 

planets; after the manner our ſun doth the 
erraticks encompaſſing i it. And that this is the 
uſe and office of the fixt ſtars, is probable. nw” 
S -- Cs Becauſe 


7 
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153. —— this is a far more probable and 
| citable uſe for ſo many ſuns; ſo many glorious 
bodies, than to fay they were thade only to en- 
lighten and influence our leſſer, and I may fay 
our inferior globe; which another moon or two, 
one or two of thoſe very ſuns fet neater to us, 
would have bettet done, than all the whole train 
of heavenly bodies now doth. But inftead of 
this, many of them, nay; pethaps the greateſt 
number of them, are at ſuch immenſe diſtances 
(as ſhall be ſhewn under the next head) that they 
are out of the reach of our naked eye. In which 
_ caſe, what uſe is it likely ſuch great numbers of 
fuch immenſe, unſeen, far diſtant bodies can be 
to our world, when there are ſo many already of 
divers magnitudes of thoſe that fall under view, 
that (beſides other much greater uſes they may 
ſerve in the univerſe) do miniſter to our help 
and comfort here upon earth in ſupplying the 
abſence of the fun and moon by night? 


2. From the parity, 2 conſtant uniformity 
obſervable in all God's works, we have great 
reaſon to conclude that every fixt ſtar hath a 
ſyſtem of planets, as well as the ſun; For it is 
certain that the ſun is a fixt ſtar to the fixt ſtars, 2 

| as they are to the ſun, And in this caſe, if (as the - 

r 
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juſtly renowned Mr. Chriſtian Haygens argues) a 


ye ſhould imagine ourſelves to be placed ſome- 
where in the heavenly regions, as far from the 
ſun as from the fixt ſtars; we ſhould then per- 


ceive no difference between the one or the other. 


For it would be very unlikely that we ſhould fee 
any of the ſolar planets, either by reaſon of the 
diminiſhing of their light, or becauſe their otbs 

would fink into the ſame lucid point with that of 

Being then ſo placed, we ſhould ima- 
gine all theſe ſtars [both ſun and fixt Rars] to be 
much of the ſame nature and kind; and from̃ a 

view of any one of them nearer to us than the 
reſt, we ſhould make our judgment of them all. 

And now being, faith he, by the favour of God, 
admitted fo near one of them, namely the ſun, as 
- fee fax leſſer globes revolving round about 

z him, and other ſecondary ones revolving round 

ſome of them; why ought we not to have the 


the ſun. 


ſame judgment of the reſt of thoſe ſuns, as of this, 
and think it altogether probable that this i is not 


the only ſtar of all the number that is encom- - 


paſſed with ſuch a train, or in any reſpe@ excels 


the reſt ?- neither alſo that this ſtar alone re- 

volves round its own axis; but rather that all the 
reſt have ſomewhat of the ſame kind alſo.” And 

ſo that learned petſon goes on in the further * 


Lait of his ingenious argument. 


'Vot. n. 1 h = Beides 


» Coſmotheoros, p. 133. 
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* 26 Beſides thoſe ſtrong probabilities, we have 
l this farther to recommend thoſe imaginations to 
us, that this account of the univerſe is far more 
magnificent, worthy of, and becoming the in- 
| finite Creator, than any other of the narrower 
ſchemes. For here we have the works of the 


creation, not confined to the more ſcanty limits 


of the orb, or arch of the fixt ſtars, or even the 


larger ſpace of the primum mobile, which the 


ancients fancied were the utmoſt bounds of the 
univerſe, but they are extended to a far larger, 

28 well as more probable, even an indefinite 

ſpace: : as was ſet forth in the firſt book. Alſo po 

in this proſpect of the creation, as the and 3 
diſcarded from being the centre of the univerſe, 
ſo neither do we make the uſes and offices of all 

the glorious bodies of the univerſe, to centre 


therein, nay, in man alone, according to the oll 


vulgar opinion, that“ all things were made for 
e man .“ But in this our ſcheme we have a far 
more extenſive, grand, and noble view of God's 
works: a far greater number of them: not thoſe 

alone that former ages ſaw, but multitudes of 
-others that the teleſcope hath diſcovered fince; 
and all theſe far more orderly placed throughout 
the heavens, and at more due and agreeable dif- 


» See Phpſico-Theol, B. ii. e. 6. n. 3. 9 
— Bet 9; ye rants 
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tances, and made to ſerve to much more noble 
and proper ends; for here we have not one ſyſ- 
tem of ſun and planets alone, and one only 
| habitable globe, but myriads 6f ſyſterns, and 
more of habitable worlds d, and ſome even in 
our own ſolar ſyſtem, as well as thoſe of the fixt | 
ſtars. And conſequently if in the ſun and its 
planets, although viewed only here upon the 
| earth at a great diſtance, we find enough to e 
tertain our eye, te captivate our d 
to excite our admiration and praiſes of the in- 
finite Creator and Contriver of theni ; what an 
augmentation of theſe glories ſhall we find in 
great multitudes of them | in all thoſe ſyſtems 
of the fixt ſtars throughout the univerſe, that I 
have ſpoken of and ſhall have occafion to men- 
tion again i in the next chapter: : 


re 5. 


* * * ww 
4 4 
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» ths e — * 
— 


CHAP. III. 


— 


or NEW STARS. 


Bestbes the planets of our Solar Ae. and 


ſome others, which are called New Stars, which _ 


ſometimes appear and diſappear in divers parts 
of the Heavens, and will deſerve a place here. N 


Some of theſe new ſtars have been taken notice 

of as early as Hipparchus' s time, ee who ſeeing 
* ſuch a new ſtar, and doubting whether it often 
* happened, and whether the ſtars we take to be 

* fixt were ſo or no; he therefore (as Pliny 
tells us * ſet upon numbering the ſtars for 
« poſterity; a difficult taſk,” he faith, © even 
for a God: and by proper inſtruments he mar- 
ſhalled them! in ſuch order, that their places and 

magnitudes might be known : by which means 
it might be eaſily found, not only whether they 


. 5 
decayed 


the wonderful number of fixt ſtars, there are 


by the new ſtars in Hadrian's, Valentinian' 35 
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decayed. and periſhed, or were again. N 
but alſo whether any of them changed their 
places or had any motion, as alſo whether they 
e or W * . 9 


. which time many ee fach. new ftars | 
have been taken notice of by others. To paſs 


Honorius's, and Otto's times, I ſhall name only 
ſuch as have been more lately taken notice of by 
men of good judgment in theſe matters; ſuch 
were thoſe new ſtars obſerved by Tycho Brache, 
David Fabricius, Janſon, Bayer, Kepler, Marius, 
 Byrgivs, Holwarda, Hevelius, Montanari, 
Bullialdus, Caffini, our Mr, Flamſteed, and ſome 
others; 4 to which may be added a new ſar that 
appears at this very time I am writing, in the 
neck of the ſwan; the ſame in all probability 
that hath been ſeen before by Mr. Kirch* in 2687, 


. © Fora catalogue of theſe and other new ſtars, the conſtellations in 
which they appeared, and other matters relating to them, 
refer to Riccioli's Almageſt. Lib. 8, Sect. 2. Chap. 2. Hevelii 
Pradorm. in his deſcriptjop of the comet in 2668, p. 433, the Ap- 
pendix to Mercator Ana. 1 _ * Abridg, val. i 
8 247+ 


© In the Miſcellanea Berolinenſis, p- 210 Mr. Kirch ſaith, FR 
for ſome time, ſought this ſtar in vain, but at laſt on 6-16 of Avgutt, 
2637, he 1 it with the help of an cight foot tube, but yery | 
— {wall : 
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and 1688, and perhaps by — long before, as 
alſo —— 2K others. N Me 


4 


of theſe new bars, there is reafon to imagine 

there may be many, by reaſon they are not con · 
| fined to any one part of the heavens, but appear 
and diſappear in divers conſtellations, and divers 


| parts of thoſe. conſtellations, as in Caſſiopeia, 


the ſwan, the great bear, Andromeda, Eridanus, 


. 155 the whale, the ſhip, and divers er ns * N 


the heavens, 


What theſe new ſtars are, is hard to determine. 


Meteors they cannot be, becauſe they are of long 


continuance, and much too far off, for bodies 
_ "that emit ſo little light as metors do, to be feen 
by us, And as fer other opinions about them, 


they are too many, and too frivolous (ſome 7 


them to be named) f , except one or two of the 
moſt probable. Among which, one is of ſome 


ſmall: and that it grew bigger and bigger, ſo as on October 23, to 
de ſeen with the naked eye, untill having arrived to its greateſt 
magnitude, it again became leſs and lefs, and at laſt inviſible even 

in a teleſcope. By frequent obſervations, he diſcoyerꝑd its motion 
ove very! vegular, ene AN © F 


4 
"IM 


7 If the reader hath a mind to ſee a variety of theſe 2 be 
may find them largely enough handled in Riccioli ; Ange 


N ſupra, « c. 17. 


perſons 


| 8 that think 2 may be 4 ths. AS 
have one fide darker: than the | other, as one 


of Saturn's ſatellites is ſuppoſed to have, and 


ſo appear only when the bright fide is turned to- 


| wards us, and diſappear as the darker takes 


place. Some think they may be fixt ſtars that 


expire in light and vapours®, and are again re- 
kindled, and recruited: by the acceſs of comets, 
©. Others take them to be comets themſelves. But 
6 -- I may be admitted to ſpeak what was formerly 
my own opinion, I rather took them to be 
erratick of ſome kind or other, and that for theſe 


reaſons ; * 


1. From ſome. of them, as Ithoughr, ſeeming he 
to o change their places, and appearing ſometimes 
| farther off, and ſometimes nearer unto other 


ſtars ; as I have ſaid in the preface, p. 41. 


2. From that increaſe and decreaſe of their 
: light: and magnitudes which is conſtantly obſery- 


cd in them, they being at firſt obſcure, and 


| hardly diſcernible, but by degrees growing 
brighter and brighter, n _— 


the light of Venus; and others the light of the 


fixt ſtars, of the firſt, ſecond, and third magni- 
tudes: and then again as gradually grow | leſs and 5 


leſs, till Ar my __— 


2 » This is what Sir Iſaac Newton ſurmiſes in his Princip. l. Ut. | 


__ 42. 


A 


— n * ** * 
To a% 
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3. 4 Pioch their p 
| after à Certain time. This indeed hath not 
been fo carefully aid judiciouſly taken notice 
of as it deſerves, or ſo as to bring rheir periods 
under certain determinations; but yet in ſome of 
Hevelius's and Caffini's obſervations, it hath 


5 fiedical motion and teu 


deen diſcovered that ſome of the ſame ſtars havre 


returned, as particularly that in the whale's 

neck, and that which now appears in the ſwan'g 
neck, which as I juſt before (p. 246.) ſaid, hath 
a period of 404% days, ANY to Mr. Ty 5 
0 obſervations. | 


Theſe were my Pry for fuſpeAiing 1 thoſe 
new ftars to be erraticks, rather than fixt ſtars 
| either recruited, or wy dark and light 6 fides, 2 


8 * a diffculty is, what kind of 
erraticks they are, whether wandering Suns or 
planets (like ours) of other ſyſtems ? That they 
mould be wandering ſuns, is ſomewhat odd to 
aſſert: and of what uſe they ſhould be, is hard 
to imagine, ſince there is nothing of this kind i in 4 
the univerſe, that \ we know of, that may fff our | 
ene e * 


And as to the latter opinion, I canfel I his 
been much inclined to ſuſpect that they might be 
players 


mbotkent endes or n erl. * 


planets tevolyin ng round ſuckfiins, as caſt-a much 


fiereer and more vigorous light than the ſun 


doth: and that theſe their planets might be more 
denſe than ours, and have furfaces more ſtrongly 


reflecting light, and perhaps be much larger tos. 


But notwithſtanding that planetary reflected light | 


may be ſent to very great diftances by thefe 


means, yet without extravagant ſuppoſitions of 
this nature, it may be doubted whether it would 


reach us, ſo far off as the fixt ſtars are. And 
beſides this, another doubt is, that although 5 


there are divers ſtars near thoſe new ſtars of 


greater magnitudes than any of thoſe new ſtars 
are, (which I have had the fortune to ſee); yet 


I can ſcarce think them big enough, to conclude 


them to be the ſuns about which thoſe new ſtars 
(if planets) move, And therefore being un- 
certain what to determine i in ſointricate a matter, 
I, hall leave it to future better obſervations 


(which the late long dark weather hath hinder- 


mena. 


But whatever thoſe new ſlurs are, they are a 


farther demonſtration of God's power and glory: 


ed me in the proſecution of) which I hope may 
afford us ſo good light, as may lead us into a 
much greater knowledge of thoſe rare Phæno- cſs 


hed td. DA. A tt EIS * 


and that there e any more of the grand 
| works 


** r 


2. 
r 
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works of the Creation, than what our eyes be. 
| hold at all, or that we have only now and then a 
glimpſe of. 


But if they are planets of other 
ſyſtems, ſome of thoſe crraticks revolving round 


ſome of the fixt ſtars, then do they lay open a 
ſtill more glorious ſcene of God's work, and give 


us ſuch a repreſentation of the ſtate of the uni- 


þ- that the world never dreampt of before, 
and that even angels themſelves may be amazed 5 
5 at the fight of. | 
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HEAVENLY BODIES. 


or THE E DUE, AS WELL AS GREAT DISTANCE oF THE | 


1 HEAVENLY BODIES, 


| deſcribes about the ſun, to fink into almoſt a 


6 8 point 


HAVE before taken notice of the immenſe 

1 diftance of the heavenly bodies, that it is 

- ſuch as makes thoſe vaſt bodies the fixt ſtars (no 
leſs in all probability, as I ſaid, than the fun it- 

ſelf) to degenerate into ſo many points, yea to 
eſcape our eye; nay more than this, that it 

eauſeth even our own great orb which our earth 
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point, or at leaſt a che of but few Seba dia- 
meter. 1 ſhall therefore ſay no more on that 
matter. But that which? hl ſpeak of in this 
book, is the due proportion of the diſtance of 
the heavenly bodies; that they are not ſet at 
random, like a' work of chance, but placed 
regularly and in due order, according to the beſt 
methods of proportion and contfivance. W hich 
will be manifeſt from the following chapters, 
which will ſhew that the diſtance is ſuch, that 
none of the globes interfere with one another: 
but, inſtead of that, are in due and the moſt = 


hae 
— 4 


by near, ſome too far off, ſome would have met 


with, knocked and ſtopped one the other, and 
ſome would have fo interfered as to have incom- 
moded the other, ſome way or other. But in- 
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hy | 


or any thing but of a wiſe architect, n 
cds have been a great many blunders and in- 


conveniences in the fituation of ſuch a pro- 


| digious number of immenſe globes, as the uni- 
verſe doth contain. Some would have been too 


| Read of this, every globe throughout the whole 


to eclipſe or ſhade one the other, wherever it 
may be prejudicial, or indeed not uſeful and 
convenient, or ſo as to hinder one another's . 
kindly influences, or to prejudice one another 
dy noxious ones. This is very manifeſt in our 

by own 


1 AD the uhiverſe n work of — e 


ereation is, as far as it is poſſible for us to ob- 
ſerve, ſet at ſuch a due diſtance, as not only to 
avoid all violent concourſes, but alſo fo as not 
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on ſyſtem of the ſun; and becauſe we ſee it not 
otherwiſe, we may conclude it to be ſo in all; 
| unlefs we ſhould make ſome exception for what 
is ſuſpected (and indeed only ſuſpected) of 
- comets, which, in their approaches towards the 
earth, are imagined to cauſe diſeaſes, famines, 
and other ſuch like judgments of God. But this 
zs only ſurmiſe, and what befals the world at 
other times without the viſible approach of any 
comet. But however, ſuppoſing, that as comets 
move in ofbs very different from thoſe of the 


fluences may be as different; yet this may be, 
and no doubt is (becauſe it may be proved) 
with the concurrence and by the appointment of 
the Divine Providence; who, as a governor of 
the world, might make ſuch noxious globes to 
Execute his juſtice, by affrighting and chaſtifing : 
finful men at their approaches to the earth, and 
not only ſo, but (as ſome have imagined) to be 
the place of their habitation and torment after 
death. But ſuppoſing it to be Þ, yet herein is a 
kind Providence manifeſted, that their returns to 
the earth are but ſeldom b, and their ſtays ſhort, 


There having of late been great expectations among ſome, of 


a comet appearing this year 1718, it may gratify their curieſity to 
take notice, in this — of three comers, whoſe n we im- 


other heavenly bodies, ſo their effects and in- 


ſuppoſed to be performed in 35 years, and to have been the ſame 
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1 that they take up many you in pſig the 
reſt of their orbs. 


— 


And . ene bs confider the due ſitua- 
tion of the greateſt part of the heavenly bodies, 
whereby neither they, nor their influences do 
interfere ; or the more unuſual poſition and mo- 
tion of comets, ſtill it appears that a wiſe and 

careful architect was the contriver and orderer of 
it all; eſpecially if we join what follows i in the 

next chapter. _ Le | 


OE 4 
agine, are iſcovered, by the great ſagacity and application of our 
modern aſtronomers. The revolution of the firſt of the three, is 


comet that appeared i in the year 1682. The ſecond is. ſuppoſed to be 

the comet that was ſeen in the year 1661, and to revolve round in 

129 years, And the third is imagined to be that comet which ap- 

7 peared in 1680 and 1681, whoſe period is 575 years. And accord» 

ing to Mr. Whiſton's determinations, the firſt of theſe three comets 

will again appear in the year 1758, the ſecond | in 1789, and Gs 
third and laſt not till about the Near 2255. 
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CHAP. 


ry THE NIOe Mm of THE DISTANESS * 
THE HEAVENLY BODIES. 


5 A= it is one great demonſtration of the inge- 
<=* nuity and ſkill of an architect to give due 
proportions to his work; ſo we find this to be 
abundantly manifeſt in all the bodies of the uni- 
verſe that fall under our cognizance: among 


which we may diſcern a curious order, and that 


due and nice proportions are 2 obſerved it in 
_ their ficuarion, 


1 the fixt iats are fituated in reſpect to one 
another, is impoſſible for us to determine at ſuch 
prodigious diſtances as they are from us; but 
they look to us, who can have no regular proſ- 
pect of their poſitions, as if placed without any 
order: like as we ſhould judge of an army of 
orderly, well diſciplined ſoldiers, at a diſtance, 
which would appear to us in a confufed manner, 
untill we came near and had a regular proſpect 
—— — | of 


DUE DISTANCE or THE HEAVENLY 2 2 


of them, which we ſhould. then had to ſtand 


well in rank and file. So doubtleſs, if we could 
have an advantageous proſpect of the fixt ſtars, 


we ſhould find them very commodiouſly, and 
-well ſet in the firmament in regard of one-an- 
other. And this we have great reaſon to cou- 
clude from the rules of parity, from that con- 
ſtant harmony, and fimilitude obſervable among 


all the works of the creation, which fall under 
our cognizance : particularly this is evident in 
this region of the univerſe to which we belong, 


& - and which we have 2 better proſpect of and Can 


ſurvey with our inſtruments, I mean the ſyſtem, | 
of the ſun. In this we find every body placed 
in good order, and at due diſtance, * 


: even to the niceſt rules of proportion, > 


For the eviction of this matter, 1 us (ac- 


cording to the moſt received and rational hypo- 
_ . theſis) ſuppoſe the ſun placed in the centre, to 
| Influence all his planets with light and heat. 


Then follow the ſeveral planets, furrounding 


him, not one here, and another there, at all ad- 
ventures, in a rude manner, like a work of 
chance, but at due diſtances from the ſun; at 

hy proper diſtances from one another; and in ſuch 


well adjuſted proportion of their velocities and 
gravitics, as makes the {quarts of their revolu- 


R tions 


- 
* 
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\>0 
1 


* 


* 


tions in proportion to the cubes of their dif- 
ances. And this is what is diſcernible. in the 
whole ſolar ſyſtem, not only in the primary 


Planets that revolve round the ſun, but in the 


ſecondary. planets alſo that revolve round them. 


Thus it manifeſtly is in the five moons that ac- 
company Saturn, and the four accompany ing 
Jupiter. And a moſt fagacious contrivance this 
15, maniteſting the. preſence and con du c at the 5 


Creator, in thus chuſing this proportion I ſpeak 


of, rather than any other. For ſhould the power 
of gravity (for inſtance) have been ſo conſtitu- 
ted, as to decreaſe in the proportion of the cubes 
(inſtead of the ſquares) of the diſtances recipro- 
cally; although it might be poſſible to adjuſt a 
velocity, and I may add, a direction too, ſo as to 
make bodies deſcribe perfect circles, yet the 
leaſt exceſs or defect of velocity, or the leaft 
obliquity of the direction, would make them de- 
ſcribe ſpiral curves, either aſcending in inſinitum, 


or elſe deſcending to the centre. And ſuppoſing 


the orbs (in which thoſe bodies move, and which 


are ſuppoſed, as I faid, to be made in propor- 


tion of the cubes) to be perfectly circular, the 
leaſt adventitious force, even but of an atom, 
abating or increafing the velocity, or changing 


the direction, would bring on the aforeſaid in- 


® conveniences. And if the or Creator and 


_ coatr iver 
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contriver of the univerſe hath thus wiſely mo- 
delled, and cautiouſly methodized this part, 
this ſyſtem of it where we live, and behold the 
thing, no great doubt can be made but that he 
hath done the ſame in the other ſyſtems thereof 
alſo: that every ſy ſtem is ſet at a due diſtance 
from one another, and every body in each ſyſ- N 

tem at its due diſtance alſo from their ſun, or 
flixt ſtar. e 555 


\ 


And now who can refle& upon theſe things, | 


and nat perceive and admire the hand that acteth 


in them, the contrivance | and power of an in- 
finite workman ! For where we have ſuch mani- 
feſt ſtrokes of wiſe order, counſel, and manage- 
ment, of the obſervance of mathematical pro- 
portions, can we conclude there was any thing 
leſs than reaſon, judgment, and mathematical 


 F&illi in the caſe ? or that this could be effected by 


any other power, but that of an intelligent 
Being, who had wiſdom and power ſufficient for 
ſuch a work : according to the reaſoning of the 
Stoic in Cicero, who pleads thus i: If thou 
ſhouldeſt ſee a large and fair houſe, thou could- 
eſt not be brought to imagine that houſe was 
5 built by the mice and weeſles, although thou 


$ | Cic. Je Nat. ': . Th c. 6. 
R 2 


ſhouldeſt 
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grouldeſt not ſee the maſter thereof ; {6 (faith he) 
wouldeſt thou not think thyſelf very plainly to 
play the fool, if thou ſhouldeſt imagine ſo order- 
ha foeme of the world, ſo great a variety and 
beauty of heavenly things, ſo prodigious a 
quantity and magnitude of ſea and land to be 
thy houſe, thy workmanſhip, and not that of 
the immortal gods !“ And fo when we ſee ſuch 
good order, ſuch dye proportions in this region 
of the univerſe, and have good reaſon to conclude 
the ſame may be throughout the whole, can we 


= without great violence to reaſon, imagine this to 


be any other than the ks of "On A 
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THAT THE BARE MOTION OF THE HEAVENS AND 
| EARTH. ARE A DEMONSTRATION oF A GOD. 


* 


IN treating « concerning the motion of the i 
| LT. venly bodies, it will be neceſſary to take in 
that of the earth too, it being not eaſy to ſpeak 
of one without the other. And here there are 
two things that are manifeſt demonſtrations of 
the preſence and management of God, namely, 
that ſuch bodies ſhould move at all, and that 
their motion is ſo regular. 


1. That all. thaſe vaſt globes: of the unh 
ſhould have a motion, muſt of neceſfity be 


yo 
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* 


ſome Being that had power enough to put them 

in motion. For as Lactantius well argues , 
© There is indeed a power in the ſtars, (and the 

ce like may be ſaid of the reſt of the globes) of 


* 


performing their motions; but that is the 


.*© power of God, who made and governs all 
© things, not of the ſtars themſelves. that are 
* moved.” For it is impoſſible for ſuch lifeleſs, 
dull, unwieldy bodies to move themſelves ; but 
what motion they have, they muſt receive from 
ſomething able to move them, 


Now this Gone wil 1 fa may be effected by the 
yortices ſurrounding the ſun, the earth, or other 
primary mover '; or from a vectorial power, or 


emanation of the ſun m, or other the like 
primary movers carrying about and puſhing on 
ſuch bodies : as move about them. But allowing 
that it is poſfible i it might be ſo, yet ſtill we muſt | 
recur to ſome firſt mover, ſome primary agent, 
who was able to ſet that principal mover into 
motion: and then the caſe amounts to much the 
BY, fame, and the argument hath the ſame force, 7 
whether we attribute the motion of one, or all 


Lactant. Divin. Inſtit. I. ii. c. 5. 
5 This was Des Cartes's notion, and of others long before him. 


his was Kepler” s ſcheme. 


2 
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the ſeveral globes to the power of God. For i in 
our ſolar ſyſtem, for inſtance, if it ſhould be 


thought that the ſix primary planets W 
round the ſun, received their motion from his 
revolution round his own axis; yet « let us think 


(as Plato argues) a, how it is poſſible for ſo 


0 prodigious a maſs to be carried round for ſo 


long a time, by.any natural cauſe ? For which 
reaſon (faith he) I affert God to be the cauſe, 
and that it is impoſſible it ſhould be otherwiſe,” 
Thus Plato, whoſe argument is undoubtedly | 
- good, ſince, as Ariſtotle argues o, « Every thing 
that is moved, muſt of bur be moved by 
ſome other thing; and that thing muſt be moved 
either by another, or not by another thing. If it 
be moved by that which is moved by another, we 
muſt of neceſſity, ſaith he, come to ſome prime 
mover, that is not moved by another. For it is 
impoſſible that what moveth, and is moved by | 


another, ſhall Proceed in infinitum.” 


And now therefore, if in our ſolar ſyſtem, we 
mould imagine the moon to be wheeled about 


our earth, by the motion and vectorial power 
of the earth; and the | moons about Saturn and 


K 4 3 Jupiter 


1 « Plato in ; Eginom. 


R. Ariftor, Phyic, L. viii. c. +: 
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Jupiter by the motion and vectorial power of 
thoſe planets; and all the primary planets to be 
turned round about the fun by the power of the 
ſun, yet at laſt we muſt find out a mover of the 
fun itſelf, and thoſe other primazies ; a cauſe of 
ſufficient power to wheel about thoſe prodigious 
maſſes, of ſuch vaſt bulks, as have before been 
_ affigned to them, and which, befides their own 
weight, are, according to their former hypo- 
thefes, clogged and encumbered with the vis 
| inertie of all thoſe planets whether primary or 
| ſecondary, or both, which they drive round. 
And if this was the caſe, what power can be 
found ſufficient for this work, but that of the 
fame i infinite hand that at firſt gave them being? Y 


0 ſo for all the 1 of the moving bodies | 
of the univerſe, ſuch as comets, the new ftars 
before ſpoken of ?, and the flow motion of the 

firmament, or fixr ſtars in 25920 1 years. This 
latter 1 ſhall ſay no more cot, becauſe it may not 
; „ 


» Book II. chap. 3. 


| 4 Ptolemy made this motion to be one degree in 100 years. But 
others fince make it to be more: Mr. Street, in his Caroline Tables, 
make it 1 gr-20': Hevelius 1 gr. 24. 46”. 50: but Mr. Flamſteed 
agrees Riccioli's number to come neareſt the truth, viz. 1 gr. 23. 
20”, in 190 years, or 50”. in a year, According to which rate the 


motion. (called the Platonic year) is accompliſhed in 25920 years. 


but from ſome other caufe *. But for * 
what power but that of the Almighty could give 


them ſuch prodigious projections as their trajec- 
| tories or orbs are found to have? orbs that run 
into ſuch amazingly long. ellipſes as approach ta 
parabolas, that tis wonderful how their projec- 
tile force ſhould carry them to ſuch immenſe diſ- 


tances, and their gravity at the ſame time bring 
them back, and incomparably retain them in 
” their _ = 


oY ſo for the new ſtars, which I have ſaid 
are ſo many ſignals of planetary ſyſtems diſperſ- 

ed here and there all over the univerſe, they are 

all of them ſo many manifeſtations and demon- 


ſtrations of an infinite Being that hath imparted 


motion unto them: and they are a ſign alſo that 
there are other globes, beſides the ſun and its 
planets, which are moving bodies, even that all 

| the globes in the univerſe are ſuch, and conſe- 
quently ſo many your of an Almighty firſt 5 


mover. 


Thus 85 


by Sir Ifaac Newton demonſtrates how this may ariſe from the 
ſphzroidal figure of the Earth. Princip. 1. iii: Prop. 21. & l. i. 
Prop. 66. Corol. 20. See the matter alſo more caſily demonſtrated | in 


Dr. Gregory $ Aſtron, l. k. — 64. 
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| ariſe from any motion of the firmament itſelf, 
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Thus the bare motions of the earth, and of 


the heavens, are ſo many arguments of a Divine 
Power therein concerned. But we ſhall moreover” 
find an infinitely wiſe, as well as Almighty Power 
herein tranſacting, by what follows in the next 
chapter. e yo 


* . . v 1 
„ 
1 1 
+ = 


THE GREAT REGULARITY OF. THE MOTIONS of 
EVERY GLOBE, 


: Hv! in the ee chapter Aan Y 
that the giving motion to ſuch immenſe, 
lifeleſs globes, is the work of God, we ſhall. 
find much greater demonſtrations thereof, if we 
conſider that thoſe motions are not at random, in 
| inconvenient lines and orbs, but ſuch, as ſhew 
wiſe defign and counſel. I ſhall here ſpecify but 
two examples, becauſe I ſhall have occaſion to 
ſay more of this matter hereafter. One 1 is, that 
all the planets ſhould (when their motions were 
impreſt upon them) have their directions or 
tendencies given, not in lines tending from the 


centre to the circumference, or very obliquely, 


but perpendicularly to the radii. The other is, 
that rhe motions and orbits of the planets ſhould ? 
| not interfere with one another, but tend one. and 
the ſame way, from Weſt to Eaſt, and lie in 

planes but little inclined, to one another, 
or when inclined that it ſhould be very 
beneficially ſo, as I ſhall hereafter ſhew. "Thee © 
* 5 and 
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and many other inſtances, and in a word, that 
every planet ſhould have as many, and various 
motions, and thoſe as regularly, and well- con- 
trived and ordered, as the world and its inhabi- 
| tants have occaſion for, what could all this be 
but the work of a wiſe and kind, as well as om- 
nipotent Creator, and orderer of the world's af. 
fairs? a work which is as plain a ſignal of God, 
as that of a clock, or other machine is of man. 
Thus Tully 'sStoic argues our preſent caſe from 

the ſhepherd at Actium, when from the top of 
an hill he happened firſt to ſee a ſhip failing in 

the ſea. He was for a while in great amazement 
and ſurpriſe to ſee ſuch a moving inanimate 

body, and could not imagine of what a nature it 
was poſſible it ſhauld be, untill he perceived, by 
ſome tokens, that it was made and managed by 


man. 80, faith he, the philoſophers ought to 


have done, if happily they had any doubts at the 
firſt view of the world ; afterwards when they 
mould behold its determined and equal mo- 
| tions, and all things managed by eſtabliſhed 
order, and with immutable conſtancy; they 
_ qught then to underſtand that there is not only 
ſome inhabiter in this heavenly, this divine 


houſe, but alſo ſome ruler and moderator, and 
u 


* 


De Nat. Deor. I. i. e. 331 
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K 


in a manner, architect of ſo great a work, ſo 
able a performance.” This conclufion is ſo 
natural, ſo cogent, that any thing but ſtupid 
prejudiced blockheads (as thoſe philoſophers 
were) would have naturally and eaſily made it. 
„e But now, faith the Stoict, they ſeem to me 
not ſo much as to have any ſuſpicion of the won- 
derfulneſs of the things of the heavens or the 
earth.” And great reaſon the Stoic had for his 
ſurmiſe. For ſa manifeſt a demonſtration of a 
Deity are the motions of the heavens and earth, 
that if men do not ſee them, it is a ſign of great 
ſtupidity ; ; and if they will not ſee and be con- 
vinced by them, it is as plain a fign of their pre- 
judice and perverſeneſs, as will farther appear 


by conſidering what an incomparable proviſion is 


made for the world's good, by the particular 
motions which are given to the earth and hea- 
vens, namely, the diurnal and periodical mo- 


tions. 


t Thid. C. 36. | 
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or THE DIURNAL MOTION oF ALL THE SEVERAL 
' GLOBES, 


| A to the i bn motion, there is great pro- 


bability that our earth, and all the heaven- 
ty bodies have a rotation round their ſeveral 


| ifes; not all performed indeed in the ſame ſpace, 


or length of time, but ſome in longer, ſome in 


ſhorter times; each time making what we call a 
day in thoſe ſeveral globes, equivalent, although 


not equal to the circumvolution of our Earth in 


24 hours. 


This diurnal rotation is viſible in many 
of the heavenly globes, and highly probable. 
in our own. In the fun it is very manifeſt. 


from the equable motion of its ſpots, which 


ſometimes appear on its diſk, and have been 


obſerved formerly by Galilzo , Scheiner 1 


Tarde 


» Gililzo tells us in the III. Dialogue of his Syfier. Mund. 


that he was the firſt that diſcovered __ on the ſun, in the year 


16105 
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T ard Y, „Malapertius, Hevelius , and our country- | 


man Mr. Gaſcoigne, and Mr. Crabtree *; and fince 


el 


them by Mr. Boyle, Dr. Hook, Dr. Halley, Mr. 
= — and others i in England, and by Mefirs. 
0 Es Caſſini, 


1610, which he ſhewed the next year to divers great e in 


Rome. That Scheiner ſent him two letters by Velſerus, under the 


feigned name of Apelles, to deſire his opinion of them; that he 


: concluded them to be alterable, contrary to the received opinion 


then, of the heavens inalterability ; that they were contiguous to 


the ſun, and that their paths over the ſun, ſometimes in a curve, 


ſometimes a ſtrait line, argue the annual motion of the earth about 


the ſun, and not of the ſun about the earth; with more to the ſame 


. purpoſe, which may be ſeen in the ſagacious author in his iſt and 
3d Dialogues. | 


* Vid. Sche iner's Roſa Una, : 


y vid. Tarde“s Aftra ien who took W t to be ſmall ſtars 


int erpoſing themſelves between the ſun and us. Of the ſame opinion 


bo See Hevelius's opinion of them at large i in | his Selenography, 
ch. 5. and in the — 


2 In their letters, now! In my hands, there is an ingenious CONs 


; troverſy between thoſe two great men, Mr. Gaſcoigne, the inventor 


to be great numbers of ſmall planets revolving round the ſun, at a 
{mall diſtance from him. Mr. Crabtree's anſwer and opinion may 


0! was W who gave them the name of — Auſtriaca. 


of the micrometer, and Mr. Crabtree, concerning the Solar ſpots 
that appeared about the year 1640, which Mr. Gaſcoigne imagined 


be ſeen in his letter, which is publiſhed with my own obſervations 


about the Solar ſpots from $703. to 1711, in the Philoſ. Tranſ. 


No. 330. 
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gs DIURNAL MOTION OF THE SUN, bee. 


* Caffini, Picart, and others abroad b, and of late 
by myſelf and others too. Theſe ſpots have ma- 
nifeſtly a motion, and the ſame motion too, as 
that of a globe moving round upon its poles: 
for we may perceive them to be perpetually, 
ſhifting their places from the eaſtern to the weſt- 
ern limb of the ſun; and in thus doing, their daily 
| Kages and motion exactly correſpond to the mo- 
tion of a globe; that is, thoſe ſtages are ſhorter, 
and the motion of the ſpots ſeemingly ſlower to- 
wards the ſun's limb, but near the centre of the 
disk, larger and ſwifter; and all in exact pro- 
n to a double line of fines, or a line of 
fines on each ſemidiameter of the diſk. I 


And 1 yet, ben ſolar ſpots, as ho 
manifeſtly demonſtrate the ſun to be a moving 
globe, turning round once in ſomewhat above as: 

days, ſo they manifeſt themſelves to be ſome- 

thing adhering unto, or nigh the ſun's globous 
body, by means of the different parts and poſi- 
tions of the ſun : as in the middle of the difk, if 
they are round, towards the limb they become 
more and more oval or long, juſt as ſuch a like 
ſpot or ona common * 8 appear when i it is 

: turned 


V The obſervatians of thoſe great men (which are diſperſed 
about in the Ph. Tran.) may be ſeen at one view in Mr. Lowthorp's 
Abridgment, vol. 1. p. 274. 


— 
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turned ſo as to be viewed by us fideways, or S0. 
ing out of fight. WER eee 
And laſtly, another thing. obſervable in and 
from theſe ſpots is, that they deſcribe various 
paths or lines over the ſun, ſometimes ſtrait, 
ſometimes curved towards one pole of the ſun; 
ſometimes towards the other, exactly correſpond- 5 
ing to the different pofitions of the earth in re- 
_ * of the ſun — all * of the year. 


Thus i in that vaſt maſk; the 4. we have ma- 
nifeſtly ſuch a diurnal motion as I ſpake of, or 
circumvolution round its axis; a motion con- 

ſtant and regular, and doubtleſs of as great uſe 
to ſome office or other, in ſome part or other of 
the univerſe, as the motions of the earth, are to 
the inhabitants thereof: and a motion therefore 
this is, demonſtrating the concurrence of the 


| Almighty. : 


Neither is it the ſun alone that undergoes a 
diurnal rotation, but moſt, if not all the erra- 
ticks about him. Saturn indeed 1s at fo great a 

diſtance from us, that we have not been able to 

perceive whether or no he hath ſuch a rotation; 

but as the other planets have it, and there is full as 
much occaſion for it in Saturn as in them, ſo 
em there | 


N 
| 
| 


hath ſuch a like diurnal motion, accommodated 
as well to his ſtate, as it is in the earth and the 


motion round upon its axis from Eaſt to Weſt, in 
the ſpace of gh, 56, as Monſ. Caſſini © by many 
repeated obſervations in the year 1665, and other 
following years, firſt found from the ſpots ob- 
ſervable on it; of which there are two kinds, 


it be a digreff on) may not be unacceptable to 
many readers. One kind of thoſe jovial ſpots is 


they are interpoſed between the ſun and Jupiter: 
the others are ſuch as are really in the body of 
that planet, after the manner of thoſe we fee in 
the moon, but not permanent as they are. And 


feſt, not only that Jupiter revolves round i in the 
time mentioned, but that it is a moving globe 
alſo, by reaſon (as was ſaid of the ſun) thoſe ſpots 


ae for Jan. 1692, 


| 
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there is no great doubt to be made, but that he 


reſt of the — 


5 80 Jupiter is 5 to have manifeſtly a 


which I myſelf have often ſeen as well as others 
before me; a ſhort account of which (although 


only the ſhadow caſt upon the planet by tbe 


ſatellites intercepting the light of the ſun, when 


by the motion of theſe latter ſpots, it is mani- 


move ſwifter, and in larger ſtages towards the 
middle 


© See his oblerratious in the Memoirs de Mathem. & de Phyſi- — 
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middle, than towards the limb of Jupiter 8 diſk. 
| Alſo ſuch ſpots as are round about the middle, ap- 
pear long or oval towards the limb, or edge of 
the diſk; as was before obſerved of the ſun's 
ſpots. 


As to Mars and Venus, they are both Waun 
ed to have ſpots, or parts lighter and darker, as 
well as Jupiter, and to have a motion alſo as he 
hath, Of thoſe ſpots in Mars, Dr. Hook had 
divers views in the year 1665, which he hath 
given us figures of *: and from thence conclud- 
ed that planet had a motion, although he could 
not determine in what time it was performed. 
But Mr. Huygens expreſly faith ® it is performed 
in the ſpace of 24h. 40. But for the motion or. 
Venus, Monſ. Caſſini could perceive the ſpots to 1 
change their place, and that the planet had a 


| motions although he could not make out what 
ut Was f 


Thus are the primary planets diſcovered to 
havea diurnal rotation, or ſomewhat very like it 
4 See Philof, Tranſ. No. 11, 14. 


- * Coſmotheor. p. 24. 


Mr. Caſſini's obſervations diſperſed in the Phil. Tranſ. may be 
ſeen at one view in Mr, Lowthorp's Abridg. vol. I. p. 383, & 42 5 
D 2 


— — — — — — — — d 
£ * 2 09 j N 
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nary diſcourſe, 


at leaſt, all except Saturn, as I ſaid, and Mer- 


cury, and our own globe. And as to theſe we 


have very little, or no reaſon to imagine but that 


they move as well as the reſt ; only we cannot per- 
ceive it in Mercury, by reaſon of its proximity 


to the ſun, and that its elongations are never ſo 


great, nor ſo long, as to enable us to have any 
good and ſufficient views of him with our tele- 


| _ s. 


And as for our own globe, it is very riſble; | 


: thar either that moves round in 24 hours, or that 
the ſun and all the heavens move round it in the 
ſame time, And which of theſe two is the moſt 
: agreeable to the uſual courſe and methods of na- 
ture, which performs all its works | in the moſt 


compendious, facile way, let every one judge. 


And is it not far the moſt compendious, ready f 
and eaſy way, that the terraqueous globe ſhould 

wheel about in 24 hours, than that ſo many we 
bodies of the heavens ſhould be turned about! . 


in that time ? Is it not as polſible, yea PC pro- 
bable, that our leſſer globe ſhould be ſo turned 


about, as thoſe more maſſy globes of the Sun, 
Saturn, and Jupiter, are about their axes? But I 
ſhall not enter into a detail of the arguments for 
the earth's motion, and the objections made 


againſt 1 i, becauſc I have done 1 it in the prelimi- 


Thus 
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Thus having OR a proſpect of the diurnal 


fall beſt under the cognizance of our inſtruments, 
and found that many, and probably all of them, 
have a rotation round in a determinate time; if 
to this we add the conyenience and prodigious 
uſe of this motion to the ſeveral reſpective 
globes, we ſhall find thatan infinitely wiſe and 


thereof. For were thoſe globes always to ſtand 
ſtill, eſpecially the erraticks that owe their light 
and heat to the ſun, in this caſe, one half of them 
would be dazzled and parched with everlaſting 
day, whilſt the other would be involved in ever- 
| laſting night and darkneſs. And what the con- 
ſequences would be, we may beſt judge from 
what would befal our own globe, without the 
kindly alterations of day and night; and that is, 
that it, at leaſt a great part of it, would ſcarce 
be habirable, it would neither agree to the ſtate = 
of man, or any other animals; nor to that of 
vegetables, or indeed any other creature. For 
one half of the globe would be burning up, at 
leaſt too much drying, and exhauſted with the 
beams of the ſun, whilſt the other would be im- 
merged in, and deadened with too long night. 
And in ſuch a caſe, how would the great works 
| of x nature, ſo ſerviceable to the world, be per- 
8 3 formed ? 


motions of the great globes of the univerſe, that 


kind, as well as omnipotent Being, was the orderer 
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formed ? How, far inſtance, could the vapours 

be raiſed to ſupply the earth with cooling clouds, 
and fertile ſhowers? How could the winds be 

excited to fan the atmoſphere with their pleaſant 
and healthful gales? How could the tides be 
produced, which by their conſtant agitations 
keep the waters ſweet and clean, and Prevent | 
their poiſoning the world? 


And as the courſe and functions of nature, 
would be thus affected, ſo would the ſtate of the 
creation be no lefs. For how could thoſe of the 
vegetable kingdom be animated and excited by 
the kindly heat of the day, and then again 
tempered : and invigorated by the no leſs kindly 
dews and influences of the night? How could 
men and all other animals diſpatch their buſineſs, VN 
gather their food, and perform all the various 
labours and offices of the day, and then recruit 
and repoſe themſelves with reſt, ſleep, and due 
perſpiration, and whatever elſe may be owing to 
the ſalutiferous influences of the night, and ab- 
ſence of the ſun? _ LE 


| Theſe, and ten thouſand as great inconveni- 
enies as theſe, would be the certain events of the 
want of this diurnal motion of our globe. And 
5 
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* 


as the reſt of the globes have their ſhares in the 
like motion, ſo we may very reaſonably imagine 
that it is no leſs uſeful and beneficial to them than 
it is to us, and that the inconveniences of the 
want of it would be as great. 


or THE ANNUAL on PERIODICAL MOTION OF r I 
PRIMARY PLANETS. 


ESIDES the nothin wc of in the pre- 
| ceding chapter, there is another, which is 
as clear a manifeſtation of the great Creator as 
that, namely the periodical or annual, which is 
viſible in ſome of the great globes, and proba- 
ble in many others. Among the fixt ſtars it is 
highly probable ſomething of this nature is: as 
appears from thoſe new ſtars which I have before 
taken notice of, which, as I have faid, ſome- 
times become viſible to us, in one part of their 
orbits, and again diſappear in other parts of 
them. But theſe ſyſtems being out of the reach 
of our beſt glafſes, I ſhall paſs them by, eſpeci- 
ally becauſe in our own ſolar ſyſtem we have 
abundantly enough to entertain us in this de- 
monſtration of God. 


Por it is very viſible, without the help of fs 
| teleſcope, that every planet or the ſolar ſyſtem 


hath Oo 
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hath this periodic motion I am ſpeaking of. 
For it is manifeſt, that either the ſun and the 
planets move about the earth, the one in the 
ſpace of a year, and the reſt in other times; or 
that the earth aud the other planets move about 
the ſun in ſuch times. But let us (as T have all 
along done) ſuppoſe the latter, that the ſun is 
fixt in the centre, without any other but 1 its diur- 
nal rotation in 25% days; in this caſe we ſhall 
have the ſeveral primary planets revolving round 


the ſun in an excellent and due order, by the ex- 


acteſt rules of ſuch a noble ſtructure, ſuch an 
admirable oe conomy, and that is in times (as 1 
ſaid) in ſquare proportion to the cubes of their 
diſtances. So that we ſee Mercury to perform 
its period i in near 83 days: :- Venus (the next in 
order to the ſun) its period in ſomewhat above 
224 days: then the earth, with its companion 
the moon, in 3654 days: then Mars in about 687 
days: next kim Jupiter in about 4333 days: 
and laſtly, Saturn in ſomewhat ove. 107 59 
— „ 


'To this ſo tric” an adi of the periods of 
thoſe planets, we may add the conſideration of 
the different paths of their periodical and diur- 
nal motion: that they lie not in a very different 
Plane, as quite a croſs, or the like : nor exactly 

in 
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in the fame plane, but a little croſſing one an- 
other ; the diurnal courſe lying in, or parallel to 
the Equator ; but the other in the broad path of 
the Zodiack, at an inclination of 93+ degrees, 


And 2 glorious contrivance this is for the good 


fame plane with that of the diurnal, we might 


farther from the ſun; but at the ſame time miſs 


of thoſe kindly increaſes of day and night, to- 
gether with ſuch uſeful directions of the ſun- 


a, 


of our globe, and doubtleſs no leſs for all the 
reſt that ſympathize in the like motion. For was 
the earth's periodic motion to be always in the 


indeed be ſometimes nearer to, and ſometimes 


beams, which the adyances of the earth to one 


or other of the poles . 8: which two things 


are 


t There are two cauſes of the great difference between the winter ; 


and ſummer, heat and cold. One is the ſhorter or longer continu- 


ance of the ſun above the horizon: in ſummer long, which in- 


_ creaſes the heat, as much as it lengthens the day: in winter ſhort, 


which diminiſhes the heat, as it ſhortens the day; and augments 


the cold, as it lengthens the night. The other cauſe is the oblique 


or pexpendicular direction of the ſun's rays, the oblique being 
| weaker than the perpendicular; as is evident from Galilzo's experi- 
ment, in his Syſtema Mundi Dial. 2. by holding a paper turned uß 
at right angles, or a book half open, over againſt an illuminated 


white wall; where it may be obſerved that the ſide oppoſite to the 


wall, which the rays ſtrike perpendicularly, is far more light and 


white than the other fide, on which the rays fall obliquely. The 


fame it is in the incidence of the ſun's rays on any plane, namely, 
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are the real cauſes of our ſummer and winter, 
ſpring and autumn, and not our being nearer 
unto, or farther from the ſun. For thoſe bene- 


the rays are ſomuch ſtronger, and the plane the more warmed wi - 
enlightened, as the m are more or leſs perpendicular; and that 
on two accounts: 1. Becauſe the perpendicular rays ſtrike with 


greater force than 8 r As in Fig. 4. the rays R R ſtrike 
the plane A P more forcibly than the plane O B. The action or 


Force of which percuſſion is (like that of all other impulſes) as the 


| fine of the angle of incidence. So the force of the rays R R upon 


the oblique plane O B, is as the fine only of RO B, whereas thei | 
force upon A P is as the whole fine of go degrees, or angleROP 
2. Another reaſon is, That a greater number or quantity of rays 
fall within the compaſs or area of any plane in a perpendicular than 
oblique direction. This will be manifeſt from the bare inſpeftian 
of Fig. 4. Where it may be obſerved that all the rays between R R 
and Op fall on the plane AP; but only about one half of them 
would fall upon an oblique plane of the ſame length, if it was O b: 


or (which i is the ſame thing) near as many rays would fall off O b, 
turned up to O b, as fall upon it. Alfo it may be obſerved farther 


that as the line O B is longer than O p, ſo are the ſpaces between 


the rays larger in OB than Op; and conſequently fewer rays fall 


on O B for its length, than on Op for its length, or the rays are 
denſer, or more compact in O p than OB. And when they are ſo, 
they are ſo much the ſtronger, as is evident from the ng and ; 


condenſing the ſun's Trays by a burning glaſs. 


What the particular power of the ſun's rays is in all directions, 


quantities, and impulſes, falls under mathematical calculation ; but 
I need not trouble the reader with it, but ſhalt refer to the ingenious 


Dr. Wolfius, (mathematical profeſſor of Hall) his Elementa Aero- 


metriæ. And as for the proportional degree of the ſun's heat in all 
latitudes, and its altitudes, our moſt acute Savilian Profeſſor, Dr. 


6 Halley, hath given us a neat and clear method for computing it in 


Philol. Traaſact. No. 203. 
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fits (we at leaſt that inhabit towards the northern 
pole) have at the contrary ſeaſon, when we have 
moſt need of them, viz. the ſun's proximity, in 
winter; its greater diſtance from us in ſummer : 
as is manifeſt from the i increment of its apparent 
diameter in winter to 327, 47 „and the decre- 
ment thereof in ſummer to 315 „ 40” b. 


And now for a eee of this chapter con- 


cerning the periodic motions of the primary 


planets, we may take up the argument of Hugo 


de 8. Victore i. who commandeth the ſun to 
_ deſcend through the winter ſigns? And who again 
cauſeth him to aſcend through the ſummer figns? 


Who 


r Monſieur de la Hire, in his Tabul. Abtron. makes the ſu un' 's 


ſemidiameters to be December 30. 16'. 22”, and June 30, 15 


49”. But Mr. Flamſteed in his Lunar Tables added to Mr. Hor- 
rox's Poſthumous Works, makes the greateſt to be 16. 23”, the 
leaſt 15. 50", and the French academiſt 16“ 23's and 15 ** . 


5 *. Recueil d'Obſerv. Les Elemens d' Aftron. P- 22. 


| Beſides the alteration of the ſun's apparent diameter, its ſeifter 


motion in winter about the ſolſtice by about a th part, is an atgu- 

ment of its being then nearer the earth. From whence it comes te 
paſs, that from the vernal to the autumnal #quinox, there are 

about eight days more than from the autumnal to the vernal. 


i Nuit ſolem per hyberna def cendere figna precipit ? Quis rurſum 


Per aſtiva figna aſcendere facit ? Quis cum ab oriente in occidentem 


Audis 


PERIODICAL 10 OF THE PLANETS, 28 5 


Who leads him from Eat to Weſt? And who 
again brings him back from th Weſt to Eaſt? 
All theſe things are very wonderful, bur to God 
_ alone GEE Rs 


. ducit ? Quis iterum ab occidente in orientem revehit? Hac cuncta 
ſuni mirabilia, ſed ſuli Deo poſfibilia, Didaſcal. I. vii. c. 8. 


or TRE PERIODICAL MOTION or THE SECONDARY 
PLANETS, | Is 


TAVING confidered the periods of the pri- 
mary planets, let us next caſt our eye 
upon thoſe of the ſecondaries. And among! theſe 
we ſhall find the ſame compleat order and har- 
mony as among the laſt. Thus Saturn's five 
7 moons, and Jupiter's four, and our own about 
the earth, have each of them their determinate 
times; ſome longer, ſome ſhorter intervals of 
time; in the ſame due p Proportion, as I [ ſpake of 
among the Primaries. 


0 


Beſides which, there 1s another thing very con- 
ſiderable in this periodical motion of thoſe 
ſecondary planets, and that is, that it is mixed 
with a kind of cochleous direction towards one 
or other pole of the primary planet; by which 
means every ſatellite, by gentle degrees, makes 
its viſits towards each pole of its primary. This 
is well known among the Circumjovials, for in- 
IT Rs ſtance, 
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ſtance, that they all bave a 4 and gradual 
ſcrew-like progreſs, firſt towards one, then back 
again towards the other pole of Jupiter; and 
that each ſatellite hath its declination greater and 
greater according as ĩt is farther or farther from 
Jupiter's body.. Accordingly the declination of 


each Circumjovial, aſſigned by the diligent and 


ſagacious Caſfini &, after 12 years obſervations, 


are theſe,, The greateſt declination of the firſt, 


or neareſt, exceeds not a third part of Jupiter's 
ſemidiameter: that of the ſecond ſurpaſſeth but 
a little of a quarter of its diameter: that of the 
third a little exceeds three quarters of the dia- 
meter; and that of the fourth, or outermoſt, 
goes beyond Jupiter's poles by a third part of 
the ſemidiameter. All which mutations, he 
N ſaith, are performed in the ſpace of twelve 5 
years. Thus the famous Caffini, But I have 
myſelf obſerved a greater vagation in the third 
ctellite; that it advanced near to, if not even 
with the very limb or pole of Jupiter, and 
that its ſtay in Jupiter' s ſhadow, or the dura- 


tion of its eclipſe at that time, was leſs than 
is commonly aſſigned unto it, as it is reaſonable 


to imagine it ſhould be, becauſe the ſatellite had 


only the outſide of the cone of Jupiter s ſhadow, 


and 


* Les Hypoth. & Les Tables des Satel, de Jupiter, 8 + in the | 


French academiſt's are collection. 
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and confequently a lefler part thereof to paſs 
2 at that time. 


As to the end and uſe of this ſo obſervable a 
ey in the ſecondaries towards each pole of 
their primaries, we may gueſs at it from what 
hath been ſaid of the like tendency of the 

primaries towards the ſun, on which our ſeaſons 
do depend. So thoſe ſecondaries moving in like 
manner to each pole, effect ſome of the grand 
works of the Divine Providence from pole to 
1 pole, illuminate all parts of their reſpective : 


globes, contract the length of their nights (as 


ſhall be ſhewn in a proper place) move their 

waters, and excite their tides, and perform other 
ſuch great works of nature as, with good reaſon, 
Ve attribute to the influx of our moon here in 


our own globe, — — 5 85 888 


And can ſuch n ee ſuch uſeful mo- 
| tions, that the world could not ſubſiſt without, 
that nature could not do its grand works without, 
can theſe be other than the fiat of an infinitely 
indulgent, as well as wiſe Creator! Could this 

conſonancy be ſo univerſal, among all the globes 

that fall within our view? Could their periods 
and diſtances be i in the ſame due proportion all 


the — over, their motions all ſo alike, had 
wo they 
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= 


they not had the ſame contriverand maker ! But 


I ſhall cloſe this argument with the reflection of 
the moſt ingenious Mr, Molyneux i, who, ſpeak- 


ing of the ſeſquiplicate proportion of both the 


primary and ſecondary planets, thus concludes : 
*© And from hence may we juſtly fall into the 
deepeſt admiration, that one and the ſame law of 
motion ſhould be obſerved in bodies ſo vaſtly 
diſtant from each other, and which ſeem to have 
no dependance or correſpondence with each 
other. This doth moſt evidently demonſtrate 
that they were all at firſt put into motion by one 
and the fame unerring hand, even the infinite 


power and wiſdom of God, who hath fixed: this 


order among them all, and hath eſtabliſhed a law 
which they cannot tranſgreſs. Chance or dult 
matter could never produce ſuch an harmonious 
regularity i in the motion of bodies ſo vaſtly dif. 
tant: This plainly ſhews a defign and intention 


in the firſt mover. And with ſubmiſſion to the 


reverend and learned divines, I am apt to think 
tharone argument drawn from the order, beauty, 
and defign of things, is more forcible againſt 
atheiſm, than multitudes of notional Proofs, 
Mr. Molyneux. But we ſhall 
find farther evidences of this ſupreme manage 
ment in theſe matters from what follows in the 


| &c.” Thus 


next chapter. 
: Diopr. Nov. Par. II. c. 6. ſect. 12. 
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THE CONSTANCY. AND REGULARITY or ALL The 
MOTIONS OF THE EARTH AND HEAVENS. 


HAT the Farth 4 Heavens move 4 _ -- 
d eſpecially that they have ſuch par- 
ticular and- beneficial motions, appears, from 
the preceding chapters, to be the work of God. 
And the concurrence of the ſame infinite hand i is 
as manifeſt in the perpetuity, conſtancy, and re- 
gularity of thoſe motions. For without this Al- 
mighty guide and manager, how is it poſſible 
that all thoſe vaſt and unwieldy maſſes ſhould 
continue their beneficial motions throughout all 
ages? Should perform their uſeful ſtages with- 
out any the leaſt intermiſſion, interruption, or 
diſorder that we know of? What motion, what 
contrivance, what piece of clock-work, was 
there ever under the whole Heavens, that ever 
— 13 
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came up to ſuch a perfection, and that had not 
ſome ſtops or ſome deviations, and many imper- 
fections? But yet none was ever ſo ſtupid as to 
conclude ſuch a machine (though never fo im- 
perfect) was made by any other than ſome ration- 
al being, ſome artiſt that had {kill enough for 
ſuch a work. As hein Cicero ® argues from his 
friend Pofidonius's piece of watch-work, that 
 ſhewed the motions of the Sun, Moon, and five 
erraticks; that if it had been carried among the 
Scythians or Britons, Quis in illi barbarie dubitet, 
quin ea ſphera fit perſecta ratione? with more to the 
| ſame purpoſe : no man even in that ſtate of bar- 
barity would make any doubt, whether it. 


was the workmanſhip of reaſon or no”. And is 


there leſs reaſon to imagine thoſe motions I have 
been treating of to be other than the work of 
| God, which are infinitely more conſtant and re- 
gular than thoſe of man! Or, to uſe the laſt 
mentioned Stoic's argument, can it be thought 
that Archimedes was able to do more in imitating 


the motions of the Heavens, (in his iphere) than 
= nature in a effecting them? 


= De Nat, be. l f. e 2% 


* See the place cited at large i in | my Phy ſico Theology, p. 2. 
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And now to reflect upon the whole, and ſo con- 
clude what hath been ſaid concerning theſe ſever- 


al motions; - we may all along perceive in them 
ſuch manifeſt ſignals of a Divine hand, that they 
all ſeem, as 1t were, to conſpire i in the demonſtra- 


tion of their infinite Creator and Orderer. For 
beſides what, in all probability, is in other parts 
of the univerſe, we have a whole ſyſtem of our 
own, manifeſtly proclaiming the workmanſhip 
of its maker. For we have not thefe vaſt and 
| unwieldy maſſes of the Sun, and its planets, 


dropt here and there at random, and moving | 


'about the great expanſum, in uncertain paths, 
and at fortuitous rates and meaſures, but in the 
0 eompleteſt manner, and according to the ſtrie- 
teſt rules of order and harmony; ſo as to an- 
ſwer the great ends of their creation, and the = 
vine providence; to diſpatch the noble offices of 
the ſeveral globes; to perform the great works ; 


of nature in them; to comfort and cheriſn every 


thing refiding on them, by thoſe uſeful changes 


of 1 and night, and the ſeveral ſeaſons of the 
year. V 


Theſe things are fo evident to the DR of 5 
all men, that Tully might well make his Stoic to 
alledge this as one of his principal arguments 

e EE — 


35.4. a 
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for the proof of a Deity - 13 The founch cauſe, ' 
ſaith he, and that even the chief, is the equality 
of the motion, and the revolution of the Hea- 
vens; the diſtinction, utility, beauty, and order 
of the Sun, Moon, and all the ſtars: the bare 
view alone of which things is ſufficient to demon- 
ſtrate them to be no works of chance. As if any 
one ſhould come into an houſe, the Gymnaſium, 
or Forum; when he ſhould ſee the order, manner, 
and management of every thing, he could never 
judge theſe things to be done without an efficient, 
but muſt imagine there was ſome being prefiding | 
over them, and whoſe orders they obeyed. So 
much more in ſo great motions, ſuch viciſſitudes, 
and the orders of ſo many and great things: — 
a man cannot but conclude, that ſuch great acts 
ol nature are governed by ſome mind, ſome in- 
relligent _— = 


And ſo : again - dy 2 21) when, 
among other things, he had been ſpeaking of 
the motions of the planets, he thus argues, © I 
cannot; poffibly underſtand, ſaith he, how all this 
conſtancy can be among the ſtars; this ſo great 
agreement of times through all eternity, among 
ſuch various courſes (how this can be) without 


* De Nat. Deor. I. ii, c. f. 
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ſome mind, reaſon, and counſel.” And a little 


after this, ſpeaking of the fixt ſtars, be faith, 


But the perennial, and perpetual courſes of 
thoſe ſtars, together with their admirable and 


incredible conſtan cy, declare a divine power and 
mind to be i in them. And this he takes to be 3 
: plain a caſe, that he that . could not diſcern it, 


he thinks could diſcern nothing.” And then he 


thus concludes, | « In the Heavens then, there 


is neither any chance, nor any temerity, nor 
error, or vanity: but, on the contrary, there is 


all order, truth or exactneſs, reaſon and con- 
ſtancy. And ſuch things as are void, of theſe 
are counterfeit, falſe, and full of error.— He 


therefore that thinks the admirable cœleſtial or- 


der, and incredible conſtancy, on which _ - 
conſervation and good of all things depend, t 
be void of a mind, he himſelf deſerves to be ac- 
: counted devoid of a mind.” Thus with great = 
force and reaſon, Tully's Stoic rightly infers the 


preſence and concurrence of a Divine Being and 
Power from the motions of the Heavens: only 


not being aware who that Being was, he er- 
roneouſly imagines the heavenly bodies them- 


ſelves to have divinity, and puts them therefore 


into the number of the gods; which error is ex- : 
cellently refuted by Lackant ius, in his Inſtit. 
* ji. c. 5. Kc. 


BOOK 
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GL OBES OF THE UNIVERSE. 


Cc H * 8 1 


ru | CONSONANCY | or ALL THE. GLOBES | IN 3x8 
THEIR SPHERICAL FIGURE. 


Hen in the preceding Book manifeſted 

the motions of the Earth and Heavens to be 
the contrivance and work of God, I ſhall enquire 
in this, whether their figure be of the ſame kind, 
wiſely ſuited to the motions, and, in a word, to 
the whole ſtate and convenience of the ſeveral 
globes, ſo as to manifeſt elk to be the work of | 
Nerv 


Now as to the figure; it is obſervable in the 
firſt place, that there is a great conſent therein, 
— "9g 
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among all the globes that fall under our view, and 
chat is, that they are all ſphærical, or nearly fo, 
namely, ſphæroidal p. Thus all the fixt ſtars, fo 
far as we are able to behold them, either with our 
naked eye, or our glaſſes. Thus the Sun, and 
thus all its planets, and thus the ſecondaries, or 

Moons accompanying Saturn, Jupiter, and our 
Earth. And although Venus, Mercury, and our 

Moon have phaſes, and appear ſometimes falcated, 
ſometimes gibbous, and ſometimes more or- leſs 
round, and even Mars too, in its quadratures, be- 


comes gibbous : yet at ſuch times as theſe planets 


ſhew their full phaſes, they are found to be ſphæri- 

cal, and only loſe this figure by virtue of their 

. poſition to the Sun, to whom they « owe their light. 
And this ſphæricity, or rotundity, is manifeſt i in 
our Moon, yea, and in Venus à too: in whoſe : 


greateſt falcations the dark * of their globes may 


M See PhyGco-Thesl. B. i. ch. 1. Note 000 


What I have here affirmed of the ſecondary light of 6 1 
have been called to an account for, by an ingenious aſtronomer of 
my acquaintance. But I particularly remember, that as I was view-_ 
ing Venus ſome years ago, with a good 34 foot glaſs, when ſhe was 
in her perigee, and much horned, that I could ſee the darkened part 
of her globe, as we do that of the Moon foon after her change. 
And imagining that in the laſt total ecliſpe of the Sun, the ſame 
might be diſcerned, I defired a very curious obſerver that was with 
me, and looked through an excellent glaſs, to take notice of it, wha 
themed that he faw it very plainly, 
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be ue exhibiting themſelves under the ap- 
pearance of a dull and ruſty colour. 


And as this ſpherical figure holds in every f 
the globes at a diſtance from us, ſo we may rea- 
ſonably 1 imagine our own globe to be conſonant to 
the reſt. But indeed we have great reaſon to con- 


clude it to be ſo from the curvity of its ſhadow in 


its eclipſes of the Moon; from the diſeovery of 
new conſtellations in the Heavens, as we change 
our hemiſphere, and make approaches towards ei- 


* ther pole; from the ſurface of the ſea, which ap- : 


N pears to be of this figure, by our gradually diſcern- 
ing far diſtant objects, mountains, towers, ſails of 
ſhips, &c. the parts of which are more and more 
ſeen, as we approach nearer and nearer to them: 


. with other arguments to the ſame purpoſe, which 


I. need not enumerate in a caſe now * on- 
; ed to be true. 


CHAP, 


or THE INEQUALITIES, OR HILLS AND varks 


oksJBVvABTR IN THE EARTH AND MOON. | 
ys « the preceding chaprer, demon- 
ſtrated the ſeveral globes of the univerſe to 


be ſphærical, it is not to be underſtood that theſe | 
_ globes are ſtrictly ſo, but an allowance is per- 
* to be made for the difference between their 


æquatorial and polar diameters, before ſpoken of; 
but eſpecially for thoſe little and inconſiderable 
| excreſcences of the hills, very manifeſtly diſcer- 
nible in the Moon v, as well as in our globe; which 
J call little and inconſiderable, eſpecially thoſe in 


* Every one that hath viewed the Meds with but an ordinary 


glaſs, eſpecially when ſhe is not round, may eafily perceive con · 
 fiderable unevenneſſes; that ſome parts are manifeſtly higher, and 
others lower. About the quarters, diyecs bright golden ſpots may 
be ſeen in the ſhaded part, at ſome diſtance from the enlightened 
part; and theſe may be perceived to grow larger and brighter, aa 
the {hady parts turn more and more towards the Sun; till at laſt you 
may ſee all the intermediate valleys between thoſe ſpots and the 
| ** enlightened parts. FARCE in divers parts of the Moon, eſpecially 


. 5 ſuch | 
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the Earth, becauſe they are ſo in proportion to the 
Earth's diameter; as will appear by coming to par- 
ticulars. The diameter of the terraqueous globe 1 

have ſhewn in my Phyſico- Theology to be about 
793 5: Englith _ and in this book to be © 7967 


miles: * 


— * 


ſuch as border on the ſhaded part, there may he obſerved to » bh 
certain holes or pits, black, dark, or ſhady, when the parts encom- 
paſſing them are illuſtrious and bright. And this darkneſs, as if 
under ſome mountain, lies always on the ſide next the Sun and 


gradually goes off, as the hole, pit, or valley turns more and more 


towards the Sun, till at laſt the whole valley is enlightened, and looks 
like a depreſſed ground in the body of the Moon. All which things 


are manifeſt ſignals that the Moon? 8 ſurface 1 1s not even and ſmooth, ons 


_ but like that of the * full of Ralls and valleys. 5 


| Which a, oak now well grounded on ocular demon- 
ſtratian, was as old or older than Plutarch's days, who in his book 
de Facie in orbe Lunæ, at the beginning, cites it as Clearchus's opinion 

| Euxove; eoon]prus ua ra ti dA rug ryuhng Dararong, j. e. That what 


is called the Face of the Moon are the images and appearances of a great 


ſea in the Moon. And about the middle of that tract, To + j,Ei er 
deri 1p37wmoV—l,e. As to that face which appears in the Moon as our 
Eirth hath certain large bays; ſo we conceive the Moon is overſpread 


: with large hollows and ruptures, containing water, or a thick dark air 


into which the Sun- beams are not able to enter, and ſo no reflection 
us made by chem. : | 


As to other matters in which the Earth and Moon ſeem to * 
as in ſea, and great collections of waters, an atmoſphere, &. 1 [ ſhall 5 
paſs them dy here as ger der R 


„Book ii. Ch- 2. Note 0. 


ES IS TY, 10) I 
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miles: but that of the hills is no more chan 2 few 
miles. Snowden in Caernarvonſhire (the higheſt 
mountain in all our iſland) is but 1247 yards ; * 
the Alps themſelves but about two Engliſh miles *; 
nay, the very pike of Teneriffe, one of the higheſt. 

_ ridges throughout the globe (unleſs we except the 
hugh. mountains of "Ow called by Joſ. Acoſta v 
5 Periacaca; 


* In the journal of the late i ingenious Richard Townley Eſq; ; of 
Townley i in Lancaſhire, I find this note upon Sept. 6, 1682. This 
day Mr. Adams called here, who is taking a ſurvey, &c. He told 
us, that with repeated trials he had found Snowdon-hill 1320 yards 
higher then the high-water-mark, and that the quick ſilver ſtood at 
the bottom at 29 Inches; at the top of the hill 2396: ſo that 1320 
gave 3704. Then follows this note, viz. Mr. Adams coming ſince, 
tells me, that the height of Snowdon was but 1247 "_— which 


gave 3 . 


The reaſon af this Am of 73 . in | the haiaks of "REY . 


Sis. I take to be, that the firſt meaſure was made by Mr. Adams 
himſelf, the latter by Mr. Caſwell, with Mr. Adams's inſtruments : 
and probably the former i is the height above the lea, the latter only 
* ou plane, 1 5 


5 2 Mr. Nich. Facio told me, that he had meaſured tlie height of 
the Montagne Mauditi, which is one of the higheſt ridges of the 
Alps, and that he found it to be 2000 French toiſes above the Lake 
a Geneva, which is ques to 12316 kaglh feet, or 2/42 miles. 


2 Acoſta faith, the Alps ſeemed to theſe mountains * travelled 


ever, but as ordinary houſes to lofty towers. See my Phyſ. Theol. 
B. I, Ch. 1. Note (w) 


| a Capt. 5 
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Periacaca : or that near St. Martha "; 0 thoſe 
called the Andes ;) this ridge, I ſay, is com- 
puted to be but between three and four miles 
perpendicularly above the ſea b. All which emin- 
ences, com pared with the diameter or ſemidiameter 
of the earth, is no more than as a particle of duſt to 
"0 _ globe on which it reſteth. IE 


1 55 And ſo likewiſe for the movin viſible in the 
Moon, although ſome of them are of that height © 
as to reflect the 58 or the Sun from their lofty ; 


* 


„Capt. Dampier faith, that he is of opinion that the hill naar 
St. Martha js higher than the pike of F See Voyage = 
round the World, p. 24- : 5 me 


Of the Andi of Chili and Peru, Capt. 3 faith, theſe are 
| the higheſt mountains I ever faw, far ſurpaſſing the pike of Ten- 
 eriffe, or Santa Martha, and I believe, any mountains ia the world. 
| Ibid. p. 95 


25 » hn Dr. Hocke“ s account of the pike of Teneriffe, from his 
friend Mr. G. T. who went to the top of it; at the end of his 
1 nn concerning ſprings, p. 4. 8 e 


4 tie" Riccioli s meaſures, the height of what he calls Mount 


- Sinai, or St. Katharine's Hill, is nine Bononian miles, and that of 


Xaverius 12; but according to his corrections, W __ 


8 23 miles, the latter 114. Which at the rate of 6020 Engliſh feet 

in a Bononian mile, is about 13 and 9 Engliſh miles; an height ſo 
RY eonſidering how much the moon is leſs than "ws Earth, that 
_ I” I can- | 
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I cannot but think that diligent can © was miſtaken in his . | 
and that the computations of Hevelius are much the beſt; who, as 
he was as able as any man, and made more accurate and diligent 
obſervations of the Moon's face, than moſt men ever did, ſo he 
was more likely to come neareſt the truth. And by his reckoning, 
the higheſt hills in the moon are but about three quarters of a Ger- 
man mile, and ſome of them but ſeven ſixteenths, and ſome not 
above an Italian mile. And conſidering the bulk of the Moon to 
that of che Earth, en are great eminences for the Moon. 8 


And as the lunar mountains 1800 ach dick belghes, fo many 


of them are of great extent. Hevelius reckons the Lunar Taurus 


to reach to 170 German miles; Mount Sepher 1507 and the Lunat . 


Appenine about 100 German miles. 


The way how to meaſure the height of the mountains of hs 
Moon is not difficult, nor uncertain ; which i is, by obſerving the 
diſtance between the diſtant golden ſpots, at their firſt appearance 
(which are the tops of hills) and the enlightened part of the Moon. 


Which diſtance may be computed by miles, or any other equal parts, 


into which we can imagine the moon's diameter divided. Thus in 

Fig. 5. AR B is a part of the Moon's circumference, one part of 
which AR is enlightened, the other part R Bisin darkneſs. Hi 
2 a mountain, whoſe top H is touched by the Sunbeams, ſnining 
from $ the Sun to R, and reaching to H. Now ſuppoſing the 
ſemidiameter of the Moon, RC, to be 27 4 German miles, according 


to Hevelius, the length of the fide RH (or diſtance between the 


top of the hill, and the edge ot the enlightened part) will be found 
alſo to be a roth, 20th, or other pazt of that ſemidiameter or diame- 
ter; or ſome certain number of miles. And then we have the two 
ſides RC 274 miles, and R H, and the right angle included between 
them; by which, both the other angles, and the fide CH, may be 
found by a common cafe of right angled triangles. Oat of which 
ſide C H, deducting the Moon” s ſemidiameter 274, there remaineth 
the height of the mountain H i. Conſult here Hevel. Selenogr. Ch. 


viii. Galilæus Nunc. Sider. p. 53. Riccioli — L. iv. c. 8. 
Schol. | 
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tops, ſome days before ever it reacheth the valleys 
beneath them, yet on the Moon's limb we can diſ- 
cern nothing of them: but ſo far from that, that, 
on the contrary, the edge through our beſt glaſſes 


looks bke an even, > ſmooth, and uninterrupted 
_ circle © "I 


Although then vaſt mountains, when en mar -. 

at hand, ſeem to be very conſiderable excreſcences | 
- of our globe, . ſince are little, when 
com- 


The edge of the Moon, which 1 here mean, is that next the 
Sun; on which I could never perceive with my beſt glafſes any the 
leaſt ſign of a mountain, but all to be exactly level and ſmooth. 
Only indeed there are ſome certain tranſient roughneſſes and un- 
evenneſſes on the limb cauſed by vapours, eſpecially when the 
moon is near the horizon, and in windy, and in ſome other weather. 
At which time the motion of the air and vapours makes a pretty 
criſpation and rolling, like waves, on the Moon's limb, which have 
the appearance of moving mountains and valleys. But on the op- 
poſite fide, if the leaſt portion of the darkened part of the Moon ex- 
tends beyond the enlightened part, mountains may very manifeſtly _ 
be diſcerned, exactly reſembling ours on the Earth. A few hours 
before and after the full, I have with pleaſure ſeen the appearance 
of conſiderable mountains and bays. One of which views I have 
given in Fig. 6. which is the Moon's appearance, ſoon after the 
full, on Sept. 12, 1714. In which ſeveral riſings and depreſſions 
may be ſeen, and the tops of tome of the mountains ſome u hat diſtant 
are expreſſed by the little ſpots. 


Theſe alone I conceive are mountains which the excellent Hevelius 
ſpeaks of in ſeveral places of his Selenograpby, particularly in his 
anſwer to Bettinus, and other Peripateticks, in Ch. vi. p 143. who 
de nied that mountains could be in the Moon, as well as any other 
W diſcovered now by the teleſcope. 
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compared to the globe irfelf, we may look upon | 
our own, and all the reſt of the globes, as if they 
were perfect ſpheres, or at leaſt ſphæroids. And 
finding them to be ſuch, let us next enquire 
what reaſon there is to imagine this their form to 
have been the great Creator's work. 


CHAP. 


a * 
* S 


THE VUNIVERSALITY AND VNIFORMITY OF THE Fre 
GURE OF THE SEVERAL GLOBES OF THE UNIVERSE, 


15 A SIGN or THEIR BEING THE WORK OF son, . 


Nor or CHANCE OR NECESSITY. 


HEN we ſee divers pieces of curious 


Hae marks of art, to have the ſame maſterly 
ſtrokes of painting, clockwork, architecture, &c. 
we conclude, with great reaſon, ſuch pieces were 
made by the ſame ſkilful hand. So when we 
fee the ſame commodious ſpherical figure to be 
imparted to the Earth, and all the heavenly 
bodies, we have as good reaſon to conclude them = 
to be pieces of the ſame hand, contrivances and 
works of the ſame ſkilful architect. For if the 

| univerſe had been a work of chance, all the 
ſeveral globes would have been of ſeveral forms, 
one of this; another of a quite different figure: 
one ſquare, another multangular, another long, 
and another of another ſhape. Or if all the 
= 2 „ 


device and workmanſhip to bear the 
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ſeveral globes had been a "OY of neceſſity, and 
their figure had been owing to the natural ten- 
dency, or gravity of matter, viz. that the ſelf- 
attracting power of matter did make all the ſolids 
and fluids of all the ſeveral globes, as naturally 
run into a globoſe form, as a drop of quick- 


_ Alver doth : yet ſtill we may demand, how came 


matter by this ſo commodious a power: What 
made it affect ſo proper a form, but the infinite | 
Creator's fiat? 


But not to conteſt that point, but granting 
gravity to be congenial and coeval with matter, 
without enquiring how it came by that power, 
: and allowing that every globe in the univerſe 

| had its form from the ſelf-attrating power of 

Its matter, yet ſtill we have undeniable marks | 
of final cauſes, of wiſe order, and an over-ruling 
power in the caſe. For let us imagine our ter- 

raqueous globe in the chaotick ſtate; all its 

matter, every particle of it divided, and float- 
ing about, and ready by its ſelf. attraction to run 
together into its natural form, that of a globe: 

In this hurly-burly, this jumble of unguided 1 
nature made by attraction only, a confuſed glo- 
boſe maſs can be ſuppoſed to be formed; but 
. 9 | without 
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without any order, without that convenient lod g- 
ment of its parts, as the neceſſities of an habitable 
world require. But inſtead of any ſuch figns 
of diſorder, or of nature's acting with an un- 
guided power, we have the clean contrary; all 
ſignals of a wiſe contrivance, and excellent art; 
238 will — in the following Chapter, 


VUz — 
. c HAP. 


* 7 
7 
; : - 
. 


CHAP. w. 


THE TERRAQUEOUS AND OTHER GLOBES APPEAR ro 
BE THE WORK OF cob, FROM THE WISE vis 
POSITION oF THEIR PARTS, . 


A $ the Earth, and all the other globes, 
+4 4 would have been of Various forms, if they 
had been made by chance, or would have been 
confuſed maſſes, if made by neceſſity, according 
to the laſt Chapter; ſo in this I ſhall ſhew them 
to be the work of a wiſe and a kind agent, from 
the commodious ſtructure and diſpoſition of their 
parts, ſo far as we have any knowledge of them. 
Thus the Moon hath great appearances of being 
no leſs commodiouſly than the Earth, divided 

into hills and valleys, (as I have ſet forth in the 
ſecond Chapter) into dry lands, and great col- 
 leftions of waters *, apd to be racompahd with 
an 


* That there are ſeas, or great collections of waters in the Moon, 
is highly probable from the Moon's ſpots, which plainly ſeem to be 
water on theſe two accounts: 1. Becauſe thoſe ſpots appear to be in 
| trait and level long planes, when yiewed about the Moon's quarters, 
of 


— 


un atmoſphere as we arel. 80 Jupitet, although 


at ſo great a diſtance from us, hath manifeſtly, 
we ſee; his lighter and Gather parts; ; his belts and 


at ſuch times as one half of them are + cnlighteded, the other half in 
| darkneſs; In this caſe, when we do not look direftly upon the 


; planes, or ſee thein wholly enlightened, but view them in a manner 
| fide ways, their ſurfaces look as the ſea doth when we view it from 
the ſhore, viz. a large level plane: only we may now and then dic. 


cern a bright ſhining part ſtanding a little out of the large levels, 
which are, no doubt; certain rocks or iſlands in the midſt of thoſe 


| ſeas: 2. The darkneſs of thoſe ſpots more than other parts of the 


| Moon is an argument they are water, or ſome ſuch like fluid, 


which imbibes the Sun's rays more than harder bodies, and doth 
not therefore fo vigorouſly reflect them as they do. Accordingly 


about the Moon's quarters, when thoſe ſpots, as I ſaid; have the aps 


pearance of long planes, we may obſerve their edge. to be a kind of 
hazy border, which grows darker and darker, as the rays are more 


and n more abſorbed. 15 


Wat indeed hard bodies, if they have ſmooth ſurfaces, ; although 
they reflect ſtrongly to one place, yet in other places they are lefs 


viſible, Thus a looking-glaſs, a diamond, &c. reflect vigorouſly 


the ſun's rays towards one part, ſo as to dazzle the eyes; but j is 
other parts they appear of a dark, blackiſfi hue; Which, by the 


: bye, is the treaſon why jewellers grind their diamonds with many 


ſides and angles, that their luſtre may appear many ways. So filver 
5 (as Galilæo obſerves, Dial. 1. ) when boiled only in argol and falt, 
appears as white as ſnow ; but wherever it is burniſhed, it becomes 
| obſcure. And fo he tells us, rightly enough, the Moon would be- 
come inviſible to us, if its ſurface was not rough, but ſleek and 


{movth. * alſo Hevelii Selenogr. * vi. p. 151. 


* That 8 is an atmoſphere about the Moon, , ſee Book Vit 


chap. 3+ Note 2. 
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ſpots auber than che reſt of his dikk Theſe Me. 
_ Caffini (who longer viewed this planet than any 
| body elſe) takes to be canals containing ſome. 
fluid matter, or water, that more weakly reflects 
the ſun's rays than the other parts of the planet 
do, and that they have ſome reſemblance with 
what happens here upon earth *, <« For if,” faith 
he, © one from on high in the Wawel ſhould ſee 
the earth in ſome particular ſituations, the ſea 
which encompaſſeth the earth would appear very 
| like the great ſouthern belt that encompaſſeth the 
whole globe of Jupiter: the Mediterranean ſea 
would make an appearance not unlike thoſe belts 
which are interrupted or broken, which we ſee in 
this planet: the other ſeas would make thoſe 
great black ſpots which never alter at all : the 
continents and iſles would ſeem like thoſe bright 
Y ſpots that are alſo permanent ; the ſnows would 
make thoſe glittering ſparkles [brilliants] that 
from time to time diſappear : the flux and reflux 
of the ocean, and thoſe great inundations that 
happen ſometimes here, would occafion other 
ſpots to appear and diſappear: the moon would 
_ reſemble one of Jupiter's s ſatellites: in fine, the 
clouds of our atmoſphere would reſemble thoſe 


broken 


e Nouvelles Decouvertes de 3 par M Caſſini, in the Me- 
moirs de nn, & de Phyſique for Jan. 1692. 
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broken interrupted belts, and thoſe tranſitory 
ſpots, which often change their ſize and agure, 
and have motions of different velocities,” 


Thus that ingenious and curious obſerver : 
- according to whoſe not improbable opinion, this 


planet Jupiter hath all its parts orderly placed, as 
4s here upon earth. 


3 1 
. 


exhibit different appearances of brighter and 8 
darker parts, as Mars and Venus particularly do „5 

it is highly probable, that theſe may be ſuch a 

diſtribution, ſuch an allotment of parts, as thoſe 


in Jupiter, and which are more plainly viſible 3 in 0 
our own globe. 


Which brings me to ſpeak particularly o of our 
own globe, of which we have a nearer view, and 
can plainly ſee the foot-ſteps of Divine , Pro- 
vidence in the wiſe and orderly diſpoſition of 
all its parts: which are ſo diſtributed, ſo placed, 

as may beſt miniſter to the ſeveral uſes and con- 
veniences of an habitable world. Thus, for i in- 
ſtance, the two grand parts, the ſolids, and the | 


"Au ſo for ae reſt of the 1 whoſe * bi 


_ fluids of the terraqueous globe, inſtead of being - 


CC jumbled 


See Book IV. Chapter iii. 


— 
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jumbled ; into one maſs, are admirably parted, and 
as nicely laid in proper places. The earth de- 
poſited in uſeful ftrata ; ſome for the ſervice of 
the vegetable kingdom; ſome for the generation 
and nouriſhment of minerals and metals; ſome 
for that of ſtones and foffils ; and ſome for the 
ſweetening and conveyance of the waters. And 
here it is remarkable, and an argument of a wiſe 
deſign and appointment, That all thoſe ſeveral 
ſtrata, or beds, are lodged at proper and con- 
venient depths and diſtances from the ſurface; 
that for vegetables, the uppermoſt, for every 
man to cultivate; and this divided into various 
ſoils and moulds for all the varieties of trees and 
| plants ; thoſe ſtrata that contain the minerals, 
metals, and foſſils, at ſuch depths, as to be out 
of the way, when they may encumber or hurt 
us, but may be come at by us, when we have 
occaſion for them: and as for thoſe ſtrata that 
convey the ſweet waters k, it is very remarkable, | 
that they are ſo univerſal, in all, or moſt parts of 
the world, that they conſiſt of ſuch proper per- 
vious matter; that they remain fo diſtinct from, 
and unmixed with the other ſtrata; and that they 
lie at ſuch due depths, as either to break out in 
| fountains, or to be dug into, for wells. But. 
hal! 


* See Phyſſeo- Theol. B. iii. Chap. 2, 


— 
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ſhall not enlarge on theſe matters, having ſpoken | 
of them elſewhere. 


And as this ſo commodious a diftribution of 
the earth, ſo that of the waters is a manifeſt de- 
monftration of the concern of a wiſe agent, al- 
though we ſhould aſcribe all that is poſſible to be 
aſcribed, to the neceſhties of nature in the form- 
ation of the world. For the waters, if we ob- 
ſerve them well, are accurately diſperſed and 
lodged about the world for the proper offices 
thereof; in ſeas, in lakes, in rivers, and in 
fountains, to ſatisfy the thirſt of animals, to af- 
ford them ſome part of their food, and to mini- 
ſter abundant ſupplies of vapours for the clouds, 
the rains, and winds : which ſupplies muſt either 
have failed, or been too abundant, or have been 
attended with ſome or other great inconvenience, 
without ſuch a commodious intermixture of the 
land and waters. 


Ly T his — as the LXX trades] it, this order- 
ly gathering together of the waters, is implied i in 
Moſes's relation of this branch of the creation, 

Gen. i. 9. 06 And God ſaid, Let the waters 
c under the Heaven be gathered together unto - 

© one place.” Where the Hebrew word Ikkavu, 

denotes a regular and orderly gathering of the 
waters, 
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waters, as if their allotment had been made, 
Their receptacles had been marked out by a rule, 
or a plumb-line, by the Creator's fiat. 


Thus it is demonſtratively plain, that the earth 
and waters were laid by a wiſe hand; and there- 
fore whatever concern nature might have in giv- 
ing a ſphærical figure to our globe, yet was the 

Creator the principal agent, the us: manager 
of the matter. 


CHAP, 


THE CONVENIENCE AND NECESSITY OF A SPHERICAL 


FIGURE TO THE GOOD OF THE GLOBES, Is AN 


ARGUMENT THEY WERE THE WORK OF GOD. 
Bees the orderly md commodious placing 
the parts of the ſeveral globes ſpoken of in 
the laſt Chapter, there are ſtill other reaſons to 
aſcribe the ſphericity of our own and the other 
globes to a wiſe agent. For beſides that this 
figure is the moſt agreeable to a world, as being & 
the moſt capacious ; and the moſt agreeable to a 
maſs in motion, as being at a due diſtance from 
the center of motion and gravity; ſo without 
this figure there could have been no ſuch com- 
fortable and agreeable alterations of day and 
night, of heat and cold, as now there are, but 
| ſome parts muſt have been for too long a time 
| ſkreened from the kindly approaches of the ſun 


and moon, and conſequently have lain under too 


long and uncomfortable a | darkneſs, and been 
chilled 


rrrxxss or A sbHER ICA, 
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chilled with miſerable cold. And as to our own 
globe, the winds could not have given thoſe 
| kindly and ſalutiferous agitations to the air as 
they do, but they muſt have been too much re- 
tarded, if not wholly ſtopped by the exorbitant 
angles and jettings out of other figures. And, 
laſtly, the waters which I ſhewed to be well in- 
termixed with dry land, would have had intoler- 
able confluences ; one part too much, anothel 

none at all; no vapours, no fountains, no rivers: 
ſo that inſtead of an habitable, well-ſtocked 
world, far the greateſt part would have been 
either a deſart, or an unneceſſary confluence of 


66 water. 


T hus having made it evident, that partieular- 
ly our oven globe received its figure by the ditec- 
tion of the infinitely wiſe architect of all things: 
we have reaſon, had we none beſides, to con- 
| clude the ſame of all the reſt of the globes of the 
univerſe, inaſmuch as they agree with ours in 
other things as well as in their figure, ſo far as 
we have any knowledge of them, and their ſtate. 
Thus the planets of the Solar ſyſtem have their 
light from the ſun as well as we; they turn round 
on their own axes, and revolve round the ſun, 
and conſequently have their days and nights, 
their ſummers and winters, as well as we : they 
2 have 


FIGURE /PROVES A con. 15 


have their hills and yalleys, as I ſaid, their land 
and waters, by all the ſigns that may be, as well 
as we; and therefore agreeing with our globe in 
fo many of thoſe very things, wherein their 
figure is concerned, had we none of thoſe reaſons 
1 have already mentioned, there would however 
be great reaſon to prefume the ſame thing of 
them, as of our earth, viz, That they received 
their figure from the ſame wiſe Creator, and that 
(were we near enough to behold them) they have 
15 manifeſt fignals of it as we have, 
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| ATTRACTION « OR GRAVITY 


oF THE 


Terraqueous and che other Globes. 


e n A F. * 


THE USEFULNESS OF ATTRACTION IN THE PRODVc- 


TION AND PRESERVATION OF THE FIGURE OF THE 
EARTH, AND THE DESCENT OF HEAVY BODIES. 


| © bh in the two laſt hs treated of the - 
motions and figure of the globes, I ſhall in 


this conſider their gravity or attraction, which 
according ta the modern Philoſophy, (which 


hath great reaſon and probability on its fide) hath 
a great agency in both theſe matters, both in 


- effe ting and preſerving the figure of the | 15 
and . their motion. 


SS 
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As to the agency of the natural attraction of 


matter in the production and preſervation of a 


ſpherical figure, as that of the ſeveral globes is, 


beſides what kath been before ſuppoſed, it may 
be collected from the ſpherical figure which moſt 
| fluids take, when there is ho obſtacle to hinder 


their doing ſo. ThusT have ſaid quickfilver 


manifeſtly doth, eſpecially in ſmall drops or 
quantities; in which caſe their own ſelf-attra&t- 
ing power is equal to, or exceeds that of the 
earth : ſo doth lead and other metals when in 
fluxion |; ſo doth water, oil, and in ſhort, all 
liquids; which run nearly into a ſpherical form, 
when hung on a ſmall ſurface ; as at the point of 
a pin; or into an hemiſpherical figure, on a 
broader ſurface; - their ſelf. attraction cauſing the FE 
former, as that of the earth and the ſurface on 
which they lie, doth the latter. Theſe phæno- 
mena have indeed been aſcribed to divers cauſes, 


moſt of them probable enough, except the preſ- 


ſure of the incumbent air; but this is manifeſtly 
not the true cauſe, by reaſon the caſe i is the very 
wy fame 


i This 1s very manifeſt from the making of ſhot. The way of 
doing which, is by running the melted lead through a ladle full of 


holes into cold water. In doing which they take care their lead be 


not too hot, becauſe the globules would then fly to pieces; nor too 


cold, becauſe it would then be lovg and have tails; but in a due 


temper it turns round. They put orpumont into their lead, when 


: they melt and prepare it for ſhot. 


5 world. 
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ſame in the air-pump (when the preſſure is taken 
off) as in the free air; and therefore ſome other 
cauſe is to be found: and what more probable, 
or ſo probable as this of gravity or W 
which manifeſtly exerts itſelf in ſome, and is 
highly probable in all material things u? In the 
earth itſelf there is manifeſtly ſuch a thing as 
gravity, which might as well be the natural 
cauſe of the ſphæricity of our globe, as it is in 
that of leſſer maſſes; but then, as 1 demonſtrat- 8 
ed in the laſt book, it is alſo evident, that an 
over-ruling Power, and a wiſe Providence, not 
only gave matter this gravitating power, but 
guided and managed it in the formation of the 


1 now upon ſu ppoſition that gravity bad any 
thing to do in the production of this ſphærical 
5 figure I am ſpeaking of, the ſame it muſt have 
alſo in the conſervation of that figure. For the 
fame power it exerted at firſt, it retains ſtill; 
which is as neceſſary ſtill to the preventing and 
obviating all extravagant excurſions, and devia- 
tions from that figure wRIch may happen through 
2 extraordinary 


wm For the proof of this, I mall refer to Sir Iſaac Newton's 
Opticks, Queſt. 13. of the ſecond edition, and i in his Fe, i 
many places, particularly I. in. * 5, 6 "hy 
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extraordinary commotions and convulſions in any 
of the globes; fuch as earthquakes are, and 
bother ſuch like furious concuſſions and. emotions 
that ſometimes befal our own globe; 


But leaving theſe conjectural matters, let us 
come to a mote evident benefit of gravity, and 
that is the natural tendency of all bodies to the 
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centre of the globe : : this1s very manifeſt i in our 


own globe. For whatſoever the decays are 
among earthly things, howſoever their forms are 
changed, yet their matter remaineth entire, and 
returneth again to its grand parent the earth: or, 
to put it in Solomon's words, Eccl. 1. 4. One 

« generation paſſeth away, and another genera- 
« tion cometh : but the earth abideth for ever. 


And an admirable proviſion this is * the per- 
petuity of the globe, and to continue the ſtate 
and habitability thereof throughout all ages, 
which would otherwiſe waſte and decay, or run 
into the moſt irreparable and pernacions diſorders. 
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CHAT . 


THE GUARD uten GRAVITY AFFORDS AGAINSY 8 


THE CENTRIFUGAL | FORCE or THE SEVERAL 


GLOBES, 


W © PON a ſuppoſition that every of the globes 
J revolves round its own axis, (which I have 


ſufficiently proved! in the fourth book) we ſhall 
find, befides the benefits already ſpecified, an- 


other very great uſe of gravity to the good, yea, 


the very exiſtence of our own and other globes, 
and that isthe preſervation of their integrity againft 


the centrifugal force of this theit revolution or di- 


5 urnal motion. For without ſuch a band, as gravi- 


ty, to keep their parts together, the whirling about 
of thoſe globes would ſhatter them into pieces, 


and diſſipate them abroad into the circumambient 
ſpace. 'Thus muſt it needs befal our own globe, 


which whirls about at the rate of above 1000 
miles 
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miles an hour”, and is compoſed of earth and 
water, materials of much too looſe a texture to 
prevent the diſpation which the centrifugal 
force of ſuch a rotation muſt neceflarily occafion 
about the æquatorial parts, a rotation that would 
as eafily throw off the parts of the earth, eſpeci- 
ally the waters, as the whirling round of a wheel 
or a globe, would the looſe duſt and water lodg- 
ed thereon. But by reaſon the wing power 
exceeds the centrifugal as 2174 exceeds 7' 540640, 3 
that is above 288 times; therefore all parts lie 
| quiet and ſecure in their reſpective places, and 
enjoy all the benefits, which I ſhewed do ac- 
company this motion without any diſturbance 


from it. 


5 bus i is our OWN ibs guarded by its gravity | 
——_ the centtifugal force of its rotation. But 


this is far more remarkable in ſome of the other 


globes. Thus particularly in the fun, whoſe 


ambit is 258287 3 miles, and whirls round once 


6 be diameter of the earth being 3967 7 miles, according to 
b. i. chap. 2. note 1. the Ambit thereof is 25031 '4 miles, 1 which be · 
ing divided into 24 hours, makes the revolution to be at the rate of 


OR: t043 miles an hour, 


"0 This is the propertion, ot neatly fo, of the gravitating to the 
centrifugal force of the earth under the equator, as may be com- 
puted from Sir Iſaac Newton's Princip. I. ii. _ 19. 


* 2 
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in about 25% days, and conſequently doth revolve 

at the rate of 4262 miles an hour e, which is 

above four times as faſt as the earth; this in a 

little time would endanger its diſſipation, with- 
| out ſuch a proviſion as gravity is. 


[ 


But what is chis to the — force * 
ö Jupiter? whoſe bulk far exceeds our terraque- 
| ous ball, and whoſe rotation 78 performed in leſs 
than half the time. But from a computation of 
particulars we ſhall better eſtimate the matter. 
The diameter of Jupiter being 120655 miles, its 
circumference is 379043 miles: which revolv- 
ing round in leſs than ten hours, is at the rate of 
381594 miles an hour at its equator. And if 
e « PR. 


* The Sun's diameter being 222 148 miles, the numbers here 
affigned will aorally follow. 5 2 


As to the Sun's gravity or attractive power, it is 6 by the calcula- 
tion of my friend, the acute and learned Dr. Halley ) to the Sun's 
centrifugal force, as 47000 to : the method for finding which, 
* note (r) p- 223. 85 


2 Jupiter's 8 being 379043 alles. and his Sei den 9 b. 
565 or 596 minutes; the relates in an hour! is, by the loga- hs 


rithms, thus : 55 
© | FE "$96 — : 3 5 27752465 
379043 miles | 656.5786884 
2:60 minutes 1 = 147781513 
x | 1.3568397 


33159 miles 5 4.48 15934 
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the denſity of every planet be proportional to its 


diſtance from the ſun, as is now with great rea- 


ſon imagined, that is, if thoſe planets neareſt the 
ſun, as Mercury and Venus, are proportionably 
denſer than thoſe more remote, as Jupiter and 


Saturn; then is the globe of Jupiter of a laxer 


texture than ours is, and in ſo much the greater 
danger therefore of being whirled to pieces by 


0 rapid a motion as that planet manifeſtly hath, 


were not its parts kept cloſe together and ſedate 


by ſuch a band as ** is. 


i The — of "POR or any other planets, or the ſun's | 
gravity, to their centrifugal force may be computed from the moſt 
ſagacious Sir Iſaac Newton's Princip. I. iii. Prop. 8. & 19. But the : 
before · commended Savilian profeſſor ſuggeſted.to me this eaſier and 
quicker rule, for ſuch planets as have ſatellites, viz. The propor- 
tion of the centrifugal to the centripetal force, or gravity of any 

5 planet at its ſurface, is compounded of the ratio which the cube of 
the ſemidiameter of the planet hath to the cube of che diſtance of : 
any of its ſatellites from the centre of that planet; and the ratio 
| which the ſquare of the ſatellites periodic time hath to the ſquares of 


the periodic time of the planet's revolution. Thus for inſtance, the 


diſtance of Jupitez's outermoſt ſatellite being 253 ſemidiameters of 
Jupiter, and its period 16 days, 16 hours, 32 minutes, or 24032 


minutes, and Jupiter's revolution 526 minutes; we ſhall find the 
7 gravity m Jupiter“ 8 ſurface to be to his rentrfugal farce in his 
* As 1 to 9 96. 
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0 or THE POWER AND USEFULNESS or GRAVITY Ta | 


' RETAIN THE PLANETS IN THEIR onzirs. 


2 2 conclufion of this fixth hook, 1 ſhall 


take notice of one more remarkable benefit 


of gravity, which is grounded upon the ſuppo- . 
fition of the truth of the Newtonian philoſophy; 
vrhich hath ſo good grounds, and great reaſon, I 
might lay demonſtrations « on its ſide, particularly 5 


in this matter, that, admitting of it here, we 


ſhall diſcover another admirable. work of tile 
creation, and that is, the preventing the eVaga- 3 
tion of the planets, and the accurate retaining 
them within the due bounds of their orbits. 
That this is done by gravity, and that gravity 
and motiqns ſolve i in the moſt complete manner, 
all the phænomena of the planetary motions both 
primary and ſecondary, is abundantly made out 
by the wonderful ſagacity of the great Sir Ilaac 
Newton; as may be ſeen 1n his Principia, 


Bu 
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But before I come to the particular agency of 


gravity, it will be neceſſary to premiſe ſomething 


concerning its nature, and ſome of its properties, 


viz, That gravity is not terminated at the ſur- 


face, but reaches to the very centre, and is ex- © 
tended to immenſe diſtances all round the centres 


of all the globes: by which means the cœleſtial 


pl bodies are enabled to have ſyſtems of leſſer globes 
revolving about them. For had the force of 
gravity determined at, or near the ſurface, (as 


it might have done, if intended only for the 


conſervation of the globes) in this caſe, all the 
bodies that were put in motion, and that were to 
paſs at ſome diſtance from them, would move on 
in a ſtrait, not curved line, and be loſt in the 
great abyſs of ſpace. But the all-wiſe Creator 
hath, in his firſt production of matter, beſtowed 
upon it ſuch a property, as that every particle 
thereof hath a tendency towards every gther par- 
| ticle. From whence it comes to paſs, that every 
body hath a gravitating power, according to the 
ſolid content or real quantity of its matter, and 5 


not according to ĩts . or extenſion. 


- and this gravity of all badies is vs. 
manifeſtly to decreaſe in prqportion of the ſquare 


of their diſtances reciprocally ; that is, at twice 
their diſtance the force is but one fourth of what 


+ it 


* 
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it was at a ſingle diſtance ; and but a ninth at 
thrice the Ace, & c. 


That this is to, k abundantly proved by the 
laſt commended author; who, by eſtabliſhing 
this one principle in ohiloGoty, hath fully ex- 
plained the ſyſtem of the world, fo far as re- 
lates to us, and to all the reſt of the planers, that 
regard the fun as a centre, both pronary and 
ſecondary. ; 


What the caufe of gravity is, Sir Iſaac New- 
ton doth not pretend to aſſign, his defign being 
not to engage himfelf in framing hy potheſes, 
but to explain the phenomena by. experiments 
only, and to raiſe his noble ſuperſtructure upon 
them. And therefore, although the matters of 
fact, and the final cauſes are evident, I will not 
venture to ſay how it came to paſs, that bodies 
act at ſuch immenſe diftances upon one another; 

but chuſe rather to acquieſce 1 in adoring the wiſ- 
dom and power of the Great Author of all 
things, who hath inſpirited the materials of which 
| the world confiſts, with ſuch an active quality, 


as ſerves not only to preſerve the globes them- = 


ſelves entire, but to enable them to revolve about 
their luminous centre (from whence they have 
their 


cnAerrr KEEPS PLANETS IN THETR ORBS. 329 


their light and heat)! in orbs that are the moſt 
commodious, and alſo fixt and Permanent. 


Having cles premiſe what was neceſſary for 


— underftanding the nature and properties of 


gravity, I ſhall proceed to conſider its agency in 
the planetary motions. And here we have divers 
things, which plainly demonſtrate theſe motions 
to be no matters of chance, but the works of an 
infinitely kind, as well as omnipotent and all- 

wiſe Agent. 


F have already | in book iv. chap, i Hi. taken no- 
_ tice of the motion of the planets being made, 
not in lines tending from the centre to the cir-. 
cumference, or very obliquely thereto, but 
| acroſs, or nearly perpendicular to the radii. Alſo 
that the motions and orbits of the planets do not 
tend contrary ways, or interfere with one another, 
That therefore which I ſhall ſpeak of here, con- 
cerning the planetary motions being the work of 
God, will be ins ſo far as gravity: 1s therein con- 
cerned, And, 


1. It was a very notable provifion to pre- 
vent the evagation of the planets, and keep them 
within their due and proper bounds, to bridle and 
detain them with gravity, as with ſo many reins 
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impreſt motion is in trait lines, ſo when motion 
was given to the planets, this motion (although 


to the radii, yet) would carry them quite away 
in their tangents, ſo that they would never return 


another admirable proviſion is, that, 2. They are 
moved in orbs: which orbs are formed of a mo- 


preſt upon the planets, and the tendency of their 


thing very remarkable is, That the impulſe or 
velocity which is imparted by the firſt mover to 
every planet, and the gravity of each planet, are". 
ſo nearly equal to what is required to make a 

body. deſcribe a circle, that the orbits of the 
2 planets are not yery eccentrical, but nearly Cir- 
cular. As is particularly remarkable in Venus, 
and the earth; and more eſpecially in the whole 


work this is. For ſhould the velocity of any 
| planet be double to what would make it move in 
a circle, the planet would go away in infiuitum, 
without ever returning again in any orb whatſo- 


away, the planet would deſcend obliquely to- 


and bridles. For as the natural tendency of all 


as I ſaid it was artificially made, perpendicularly 


again. But being thus detained by gravity, 


tion compounded of this rectilinear impulſe, im- 


gravity to the centres. In which motion a third 


ſyſtem of Jupiter? s ſatellites, And an admirable 


ever. Or ſhould one half af the velocity be taken 


wards the ſyn, until it became four times nearer 
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the ſun than before; and then aſcend again to its 
former place, deſcribing a very eccentrical orb. 
And by afcending and deſcending alternately, it 
would be heated fixteen times more at one time 
than another. Which uneven heat would make 
the planet unfit for habitation. And the ſame 
thing would happen, if the determination of its 
motion ſhould be altered, ſo as to become very 
oblique to the radius drawn from the planet to 
the ſun. But theſe things being accurately ad- 
juſted, and contempered, make the whole ſyſtem 
to be a work of incomparable convenience and 
beauty; a work the beſt contrived for the benefit 
of the world's inhabitants, and to ſet forth the 
5 curiolity and {kill of the infinite Workman, - 


It is manifeſt cherefive rhas the en « the 

: planets i is not to be reckoned a matter of chance, 

or a thing owing to a neceffity of nature, but the 
work of a kind and wiſe Agent. And that this 
is fo, will be farther manifeſt from the caſe of 
comets, whoſe motions, directions, and orbs, 
being utterly different from thoſe of the planets, 
demonſtrate the planetary ſyſtem to have been 
modeled by counſel, and not by a neceffity of 
nature, or left to chance. For as for the motion 
of comets, it is ſo far from being always the ſame 
way, that they move ſometimes contrary to one 
| another, 
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another. And as for their planes and directions, 
they lie every way. And as for their orbs, they 

are exceedingly eccentrical. And by the bye 
this eccentricity is an admirable contrivance of 
the Creator, to prevent the comets from diſturb- 
ing either the planets, or one another, by their 
mutual attractions. For by this means, they 
have a large and ſufficient room to revolve in; 
and by aſcending to very great heights above the 
ſyſtem of the planets, and ſpending almoſt all 


their time in the remote regions of the univerſe, 


at vaſt diſtances both from the planets, and from 
one another, they do not incommode either the 
planets, or themſelves; as otherwiſe they would 
have. done, ſhould they have moved in the ſame 
plane with the planets. For had they done ſo, 
they would have been apt ſometimes to have come 
too near the planets and have diſturbed their 
motions, and perhaps have daſhed upon them 
alſo. But all theſe circumſtances are fo well ad- 
juſted, and ſo wiſely regulated by the Divine 
Providence, that the ſyſtem could not bay e 
been better contrived, either for convenience ar 
beauty. 


And now upon this highly TITTY I might 
ſay phyſically certain, theory of gravity acting 


in the motion of the globes, we have another ex- 
| quiſite 


1 
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quiſite nicety in the works of the creation, that 
juſtly deſerves the greateſt admiration and praiſe; . 
that among ſo many immenſe moving maſſes, 
they ſhould all obſerve their due bounds, keep 
the moſt proper paths appointed for their con- 
venience and good, and at all times anſwer the 
great ends to which they miniſter in the creation. 
Particularly, that the habitable gtobes thould al- 
ways remain at ſuch due diſtances, and move in 
ſuch proper orbits, as are beſt for them. And 
that the comets too, ſhould at the ſame time paſs 
in paths utterly different, but yet ſuch, in all 
probability, as may render them alſo of very 
great uſe to ſome or other parts of the world; 
whether we look upon them as places of torment 
(as hath been ſaid) or bodies appointed for the 
refreſhment and recruit of the ſun, or any of his 
| planets, as Sir Iſaac Newton conjectureth i in his 
| Principia, 1. in. Tops 41, & 42. 


And now from the — of what 1 have 
ſhewn | in this ſixth book, to be either highly pro- 
bable, or very certain concerning gravity, we 
have another manifeſt demonſtration of the in- 
finite Creator's wiſdom and care, and another 


cogent argument to excite the higheſt veneration | 
and praiſe in his creatures. 


BOOK 


( 334 ) 


BOOK VI. 


A 


Of the PROVISION made fer 
LIGHT and HEAT 


| THROUGHOUT g UNIVERSE. 


CHAP. 1 


or THE LIGHT AND HEAT or THE rer STARS AND 
| 8 v N. 


ah A®' light and heat are two of f the math uh 1 
: things in the univerſe, ſo the infinitely wile 

and kind Creator hath made an excellent provi- 
fion for theſe things, in all probability for every 
globe throughout the univerſe, but particularly 5 
for thoſe of our own ſyſtem. For it is very 

manifeſt that every globe we ſee, doth ſhine with 
its own native, or with borrowed light. Even 
all thoſe immenſe bodies at the greateſt diſtance 
from us, the fixt ſtars, which, I have before ſaid, 
1 are 
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are probably ſo many ſuns, it is light they mani- 

feſtly dart as far as to our ſo diſtant globe, as 

well as what they emit for the enlightening, 

warming, and cheriſhing their own Ka 
planets. _ 


But 1 mall forbeur to launch out into thoſe 


1 5 oonjectural matters, and ſhall come nearer home 


into our own ſyſtem, where we have enough to 
entertain our eye, to captivate our thoughts, and 
to excite our higheſt admiration of theſe mag- 


nificent works of God; whether we ſurvey the 


great fountain itſelf of our light and heat, the 
ſun ; its due poſition, and its wonderful uſe to 
its Planets ; and the incomparable proviſions that 
are made to. ſupply its abſence and greater dit- 5 
tances from them. 


- In the firſt place, as to che ſun itlelf; 
what power is there that the moſt extravagant 
fancy can imagine to itſelf, that could ever be 
able to make ſo prodigious a maſs of fire as the 
ſun is, but only the power of God's almighty 
hand! a body of ſo immenſe a bulk as I have 
ſhewn it is, and of ſuch an exceſſive heat, that no 


greater number of its rays than what fall within 


the compaſs of a two or three inch burning glaſs, 
hall actually burn; and what fall within the 
—— deten. compaſs 


44 
— — —— — — — — - — - 
—— — jou — — — 2 . = . . ＋ 1 
rr Tc cT...c-_—_c cn rx . 
. : E ; \ 


— —_—_ * * 
3 PR * w 
02. it. - - * 
= — - — — — — — ——_—_—— — © 


: mw o — * 
3 — — * TS) — — . wi 
- 4. a, RAB In Ed ewe — 22225 * „„ 
5 28 — 3 * + 9 * * 44 a fx » x 
n BD. & — <a) 
8 r wok — 3 5 D 
n P 


336 TH AND HEAT OF SUN AND STARS: 


compaſs of not many feet, ſhall far exceed the 


ſtrongeſt culinary fire in the earth; as is manifeſt 


from its almoſt inſtantaneous burning, and vitri- 


fying the moſt obdurate incombuſtible bodies, 
ſuch as not only green wood, and white bodies, 
but alſo ſtones, bricks, metals, yea gold itſelf 


(the hardeſt of all metals to be wrought upon wed 
fire) which yr is melted down in a few minutes“. 


Thus the infinite power and en 4 God 
appear in the appointment and make of that 
immenſe 5 


The famous burning- concave at Lyons of 30 inches diameter, 
and others in France and Germany of greater breadths, have been 
celebrated for their feats in burning, calcining, and vitrifying both 
metallick and other bodies. But I queſtion whether any of them 


| Have come up to the burning inſtrument contrived by, and made for 
Sir Iſaac Newton, and by him preſented to the Royal Society. It 
cConſiſts of ſeven concave foiled glaſſes, each of them 12 inches 
diameter, which are all fo placed as to have their foci concur in one 
point. By which means the heat is ſo increaſed, as in a ſurpriſing 
manner to perform the feats here mentioned, and many others ſur- 


9 them. 
\ | 
. mentioned theſe burnipg-concaves, it may be of wy on 
ſeveral occaſions, and particularly for the cheap trying of experi- 
ments, to take notice of what was related to me by a perſon of very 
high quality: who doing me the honour to talk with me about ſuch | 
concaves, told me, that in Germany one Mr. Czhernhauſen, a 


Sileſian gentieman, made divers very large concaves with paſte- 


board ; which were covered over with a kind of paſte or foil, that 


ſtrongly reflected the ſun's rays. Bur what their power was, he did 
not fee. |» : . 
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immenſe body of fire, the ſun; a maſs wonder. 

ful, and worthy of its Maker, er we con- 

nder its immenſity, its exceffive heat, or its ab- 

ſolute neceſſity and great uſe to us, and to all the 

reſt of its ſyſtem: But we ſhall find yet farther 

* evidences of the great Creator s work in the 
El following chapter, 
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= oF THE DUE POSITION AND DISTANCE ob THE sun 


AND ITS PLANETS. | 


Ab. the * power and wiſdom of God ap- 


pears M the appointment and make of the 


ſun, according to the preceding chapter; ſo in 
this I ſhall demonſtrate the ſame from the due 
| poſition of the ſun among his planets, and his 
due diſtance from each of them, = 


3 


Now here we may take it * granted, that the 
ſun is the fountain of the light and heat of all 
the planets, not only of the earth, but of the 


other planets, that move either about the ſun, 
or the earth: but whether the ſun be placed 1 in 
the centre of its ſyſtem, or the earth be ſo, is of 


no great conſequence here to enquire. But 1 
have all along ſuppoſed the former to be the moſt 
probable hypotheſis, and it ſeems to be ſtill 
more ſo, from the conſideration we are now upon 
concerning the community of its light and heat 


TTT 
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to all the planets. For fince it is minifeſt'that- 
what light and heat the planets have, they re- 
ceive from the ſun, it is far more likely that this 
their fountain of light and heart is placed in the 
common centre of them, and that they move 
round about it, rather than i it about them. 


| But be it ſo, or not fo, it is however very 
| certain, that all the planets are placed at ſuch a : 
due and proper diſtance from the ſun, that they 
receive the beneficial rays thereof in a due man- 
ner and proportion. There is no great reaſon to 
doubt of this, among the planets that are at 
greater or leſſer diſtances from the ſun than we, 
becauſe we find a noble and ſolemn apparatus 
anſwerable to their diſtances from the, ſun, which 
I intend to ſpeak of hereafter. But as far our 
own terraqueous globe, we have ſufficient fignals 
of the great care and counſel that have been uſed 
in the due pofition and diſtance thereof from 
the ſun. For as to its poſition to the ſun, 
I have heretofore ſhewn, that by the incli- 
nation of its axis, and its diurnal and periodical 
revolutions, all parts have a due ſhare of light 
and heat. And as for its diſtance, it is ſuch as 
not only-prevents the danger of its interfering 
with the other globes, as I have formerly obſery= -x 
ed, but alſo it is duly adjuſted to the denſity of 
the earth and waters, and to the make and tem- 
Y 2 as per 
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per of our bodies, and of all ocher things here 
below. Had we been much nearer the ſun, our 
world would have been burnt up and waſted; the 
waters in the firſt place would have been alt turn- 
ed into vapours, and dried up vegetation have. 
| ſoon ceaſed, and all things would have ſoon 

been waſted, if not burnt and conſumed. Or 
had we been not at ſo very great a diſtance, but 


only a little nearer the ſun than now we are, 


ſuppoſe a few thouſands of miles, ſtill the heat 

would be as the ſquare of the * diſtance ; and 
conſequently too great, if not for the polar, yet 
for the 2quatorial parts. And, on the contrary, 
had we been ſet at a greater diſtance from the 
fun, ſo would the ſun's heat have been abated in 
proportion to the ſquare of that diſtance. And 


in this caſe, if the diſtance had been very great, 0 


we and all things muſt have been perpetually 
frozen up; or if it had been not ſo great, the 
world would have ſuffered by cold, the polar at 
leaſt; if the =quatorial parts could have 
* 


And! in "ths cath, LEY our globe ſhould FIR 


be parched up with everlaſting heat, or be even- 


laſtingly frozen with exceſſive cold; inſtead of 


2 Newton, Princip. P. 466, 


| 
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an habitable, pleaſant, and comfortable world, 
it muſt become a deſart, a place of irkſomeneſs, 
miſery, and everlaſting puniſhment, But the 
great Creator having ſo wiſely and indulgently 
ordered the diſtance between the earth and ſun, 
the ſun's light and heat are incomparably accom- 
modated to the ſtate and temper of all things 
here below, and our world! is well fitted for ha- 


z bitation, well provided with every thing that 


may miniſter to the ſupport, the comfort, and 
pleaſure of its inhabitants. By thoſe indulgent 
rays, all things are enlightened, and we and all 
the reſt of the animal kingdom are enabled to 
: diſpatch our buſineſs, to ſeek and provide our 
| food, and to paſs from place to place, as our Oc» 
cafions or pleaſures lead us. By its cheriſhing 
beams all things are warmed and comforted, 
vapours in ſome meaſure made to riſe for the 
forming of clouds and rain : trees and plants are 
enabled thereby to put on | theit verdure and 
gaiety, and to yield us the benefit and pleaſure 
of their grain and fruit. By the preſence of this 
great fountain of light and heat, we, and even 
nature too, is awake and excited; and by 
its abſence, grows torpid and dull ; its abs 
fence by night diſpoſes us to reſt er? ſleep; 
ard even vegetables toq ſhut up their flowers 3 
, ro 
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then®, and in a manner betake themſelves to 
reſt: and its abſence in winter, how doth it 

change the whole face of nature, diveſt vege- 

tables of their gay attire, force animals to places 
of ſhelter and ſafeguard, and give an aſpect of 


— and horror to all things! 


Thus it 1s airs, how wiſely and indulg- T 
ently the great Creator hath provided for the 
good of our Planet, by ſo critically adjuſting its 
poſition to, and its diſtance from the ſun, to the 
ſtate and temper of it and all things thereon. 
And although the reſt of the planets encom- 
paſſing the ſun, are ſome of them near to, ſome 
of them farther from it, yet there is no great 
queſtion to be made, but the ſame wiſe Con- 
triver hath made as good a proviſion for them as 
for us, either by contempering their denſity to 
their diſtance from the ſun, or by ſome other 
the wiſeſt and beſt courſe; as we have very juſt 
reaſon to ſuſpect, from that grand and ſolemn 

apparatus . ſhall ſpeak of, of ſecondary planets. 
Which leads me to confider the proviſions made 
for the ſupply of the ſun' s abſence, and! its greater 

diſtance. 
CHA P. 


a 


ce Phyſſco-Theol. Bk. X. Note (a) page 130, vol. 2. 


% = 


CHAP. Ut. 


THE NECESSITY OF LIGHT, AND THE PROVISION ron 


IT BY THE ATMOSPHERE, ; 


B 


the moon. 


And firſt as to he earth. of - fach abſolute 


neceſſity is light (not to mention heat) that our 
world could not well be in the leaſt utterly with- 
out it, becauſe if there ſhould be utter abſolute 


| darkneſs (beſides the great inconveniences it 
might bring to vegetables, minerals, and every 


other ſuch like part of the creation, beſides this 
I fay) it would certainly put animals under an 
abſolute incapacity of performing their moſt 


neceſſary buſineſs, and acting in that office which 
the Divine Providence hath appointed them, 
T4. 8 although 


EFORE I come to the * planets, it will 
be convenient to confider how the ſun's ab- 
ſence is ſupplied here upon the earth, as alſo, 
i probably, how 1 it is ſupplied i in her ** 


oy 
- 
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although of greateſt uſe to themſelves, or the reſt 
of the world. Men, for inſtance, whoſe buſineſs 15 

and occafions oftentimes neceſſitate them to bor- 

row a part of the night; and all other animals, 
particularly ſuch whoſe ſafety, or temper, or 

conſtitution of parts (as of their eye, for in- 
| ſtance, or ſome other parts) confine them to their 
dens and places of retirement and reſt by day, 
and are therefore in courſe compelled to ſeek 
their food, and wander about on their moſt neceſ- 
ſary occaſions of life by night; all theſe, 1 ay, 
would at once be cut off from one of the grand : 
benefits of life, from acting chat part they bear 
in the creation, during ſuch time as they ſhould 
be put into abſolute darkneſs, But, to prevent 
this, the infinitely wiſe Contriver of the world 
hath made divers admirable proviſions, both in 
our own, and the other planets too. One pro- 
viſion which he hath made in our own globe, 
and I may add that of the moon alſo, is by en- 
compaſſing both with an atmoſphere , which, 
among 


y Mr. Huygens, i in his Coſmotheor. p- 116. concludes the moon 
to have no air or atmoſphere, becauſe we ſee its limb ſo clearly and 
D accurately defined, and becauſe he thought 1 there are no ſeas or rivers 
in the moon. But he was miſtaken both in his concluſion and part 
of his premiſes. For in the ſolar eclipſe. May 1, 1706, which in 
Switzerland was total, they could manifeſtly perceive the moon's 
 «moſphere, as may be ſeen in the accounts given in Philoſ. 18 
| 2 No. 


1 
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among other grand uſes, miniſters very much to 
the propagation of light partly by reflecting the 
rays of light, to our eye, and partly refracting 
them, ſo as to make them viſible and uſeful to 
us, when otherwiſe they would not appear. 
Hence that whiteneſs and brightneſs v obſervable 8 
in the air by day ; and hence the twilight, when 
the ſun i is hidden under the horizon. The like 
to which is obſervable in the moon alſo, in that 
ſecondary, ruſty light which is ſeen in her 
eclipſes, and before and after her quarters. 
No. 306. And fince that, in the laſt total eclipſe of the ſun, on 
April 22, 2715, the moon's atmoſphere was very diſcernible, ap- 
pearing in the form of a curious ring of vapours encompaſſing the 


moon all the time of total darkneſs, Of which ſee the accounts in 
the Philo. Tranf. and Mr. Whiſton's. : 


* See Phyſeo-Theol. Br. I, Ch, L Note () page 15. vol 


„ - 


n 


H 


let us next ſpeak of the principal proviſion 
made for that, and for ſupplying the ſun's ab- 
ſence; and that i is by the moon and ſtars, which 
as Moſes faith *, © rule the night, as the p greater 
ce light, the "a doth rule the day.” What 
influences theſe celeſtial bodies may have here 
- below i in the bodies of men and other animals, or 
among vegetables, foſſils, or in any of the grand 
works of nature, is hard to determine, although 


( 546 ) 


- IV, 


THE GREAT USEFULNESS or THE MOON, AND THE 


| MUTUAL | BENEFICIAL RETURNS WHICH "THE 5 
| GLOBES MAKE TO OXE ANOTHER, | 


AVING ſhewn the abſolute neceſlity of light 
and the ſupply thereof by the atmoſpheres ; 


vainly pretended unto by the judicial aſtrologers: . 
but yet ſome things there are, whole periods and 


_ criſes ſo ſtrictly obſerve the courſes of the Sun, 


eſpecially of the Moon, that, on the other hand 
it 


a Gen. 1. 16. | 


9 
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it is bard to aun the influences of theſe bodies 
here below. The tides particularly have all 
along ſo conſtantly obſerved the courſes of the 
moon, that in all ages they have been ſuſpected 
to be cauſed and governed by that planet: and 

if the ſtories of Pliny y, Ariſtotle, and others of 
the ancients, be true, it is by her influence, that 


1 the bodies of oyſters and other ſhell- fiſn are in- 


| creaſed and diminiſhed : that the maſs of man's 
blood is ſo alſo; that the humours are reſolved 
and attracted; that the dead bodies of beaſts are 
corrupted; that all animals expire at the timeof 
ebb, particularly man; that the ſea purgeth it- 
ſelf of filth every a which gave oc- 
caſion to the fable of the ſun's having his ſtable 
about Meſſina and Milazzo; and divers other 
ſuch like conceits which thoſe authors name, too 
many, and too improbable, to deſerve. to be 


| reckoned up in this Place. 


But whatever inflvcnces the moon may have 
upon things here below, whatever her concern 
may be in any tranſaction of nature, or any other 
office of the creation, it is however very certain, 
that her light, eclipſes, monthly revolutions, 
and latitude or vagations towards our poles, are 


of great uſe to us. 5 
N By 


7 Plin. Nat. Hiſt, L. ii. Ch. 4r, 98, 99, 107. 


* 
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By her ie, to which I may add that of the 
ſtars, we and the reſt of the creatures are able to 
protract our day at pleaſure, to go hither and 
thither as our occaſions call, and to diſpatch | 

many of our affairs by night, or to betake our- 

ſelves to repoſe and reſt; to which, according ta. 
' 3 1 the moon doth naturally incline us. 


As to che eclipſes, whether of fun or moon, 

2 they have their excellent uſes too. The aſtro- 

nomer applies them to conſiderable ſervices in his 

way ; and the geographer makes them no leſs 

uſeful in his : the chronologer is enabled by them 
to amend his accounts of time, even of the moſt 
ancient days, and fo down through all ages; and 
the mariner too can make them ſerviceable to ; 
his purpoſe, to diſcover his longitude, to correct 
his account at ſea, and thereby make nimſelf 


more ſecure and ſafe in the untrodden paths of 
the deep. 5 — - 3 


80 15 the monthly revolutions of the moon, 
| befides the uſes they have in the daily variations 


of the tides, and perhaps cauſing t ſame ſuch re- 
volutions 


Ferunt Lunz fœmineum -ac molle ſidus, atque nocturnum, 
ſolvete humorem, & trahere, non auferre. Id manifeſtum eſſe 


quod Somno ſoſpitis torporem contractum | in caput revocet. 
Pliny; l. ii. c. 101. | "Rb 


rn 
S 


volutions too in the humours and bodies of ani- 


mals, and in the works of nature; beſides this, 
1 fay, they are manifeſtly of excellent uſe in the 


diviſions of time, in meaſuring out our months, 


as the ſun doth our days and years, according to 
that appointment of the Creator, Gen. i. 14. 
« And God ſaid, Let there be lights in the 
e firmament of the Heaven, to divide the day 

tc from the night; and let them be for liens, and 


8 for ſeaſons, and . days, and years,” 


And laſtly, as to the lunar latitude, or pro- 
— towards our poles, beſides the uſe hereof 


to the preventing the too frequent eclipſes of the 


_ fun and moon, thoſe vagations are of great uſe 
to the polar parts of the world, in affording 
them a longer, as alſo a ſtronger and better light 

| than if the rays fell more oblique: which muſt 
needs be a very great comfort, and of wonderful 

ſervice to the inhabitants of thoſe forlorn parts, 

in their long and tedious nights, of ſome days, 
yea, ſome months length: to men, to enable 


them to diſpatch ſuch of their affairs as are of 


| perpetual and conſtant neceſſity; and to other 
animals of the air, land, or waters, to enable 
them with greater eaſe and pleaſure to get their 


food, and paſs where there pleaſure leads them. 


—— 
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Thus the great Creator hath made the moon 
to be of admirable uſe to our earth. And fo 
wiſely hath he contrived his works, that they are 
mutually ſerviceable to one another, ſo that what 
good ſervices one doth, the other as readily re- 
turneth again. Thus, as the moon is a moon to 
us, ſo the earth is with great reaſon concluded 

by the philoſophers, to be a moon to the moon; 

not indeed a ſecondary planet moving perio- 
dically about her, but ſuch a planet, as re- 
flects the light of the ſun to her, and per, 
haps makes ſuch like returns of influx, a 
as I ſaid the earth receives from her. For it is 
not to be doubted, if the earth reflects light, and 
gravitates to the moon, as well as the moon to 
the earth (which is highly probable), but that 


there is a mutual intercourſe and return of their 
influences, and good offices. And this is fill 


more probable from the likeneſs diſcernible be- 
tween the earth and the moon, which is a ſtrong 
preſumption that the moon may have the ſame 
_ occaſions for the earth, as the earth for her. For 
that the is an opake body, and that her ſurface is 


covered in ſome meaſure with hills and valleys # 


1s manifeſt deren all doubt to our eye e, as 1 ; 


before _ 


* Sec Book v. chap. 2. note (7) p. 238. 
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before ſaid : and that the hath an atmof licte, , is 
what hath been not long ſince Þ diſcovered : and 
that there are large oceans and collections of 
water, is what I have before made probable <. 
And therefore, agreeing thus in conflitution and 


make, their occafions for, and influences upon | 


each other, are in all — mutual, — 
6 much the ſame. | 


And after this manner, the infinitely wiſe Con- 
triver of the univerſe ſeems to have tranſacted 
throughout that immenſe ſpace, by making all 
the ſeveral globes uſeful to one another. Thus 
all the planets of our ſolar ſyſtem are of conſiderable 
uſe to us, all of them reflect light unto us, and ſome 
of them a light ſo bright and ſtrong, as particu- 
larly Venus and Jupiter, that they are a good ſup- 
ply of the moon's abſence in the night, as well 
as the ſun's. Nay, the very ſecondaries (which Ma 
ſhall ſhew are of greateſt uſe to their primary 
planets) have their uſes too amongſt us; not only 
as being evident demonſtrations of the great 
works of God, but alſo in miniſtering to the diſ- 
covery of the longitude of the moſt diſtant 


places 


» See before chap. 3. note (v) 


2 Book v. chap. 4: note (c) As alſo the Preface. 


* 


* * * 
- , 
" % 
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places upon the earth; So for the fixt ſtars, which 
1 have before ſhewn to be probably ſo many ſung 
5 miniſtering to as many ſyſtems of planets it is 
certain they are of great uſe. to us in ſupplying 
the abſence of the ſun and moon by night. And 
there i is no great doubt to be made, but that the 
| fike returns are made to them and their . 
by our ſun. So that here we have an admirable 
oeconomy obſervable throughout all the vifible 
regions of the univerſe, in the natural aſſiſtances 
and returns which one globe affords the other, 
: even at the * diſtance. 


or THE MOONS, OR SECONDARY PLANETS IN 
GENERAL, WHICH ARE OBSERVED ABOUT SOME | 
or THE PRIMARY PLANETS. ; 


a taken a view of the n which 
are uſed for the accomodating the Earth 
wich light and heat, let us caſt our eye to the 


reſt of our Solar ſy ſtem, and examine whether 


any thing of the like kind is to be found there. 
And here we ſhall find a no leſs admirable ſcene. 
of the great Creator's care and wiſdom, than we 
_ diſcovered in the Earth and Moon. In Mars, 
indeed, we can diſcern a great fimilitude with 
the Earth in its opacity and ſpots, but we have 
not yet been able to perceive any attendance of 
Moons, as in the other ſuperior planets; not ſo 
much probably becauſe there are none, but be- 
cauſe they are ſmall, or they reflect a weak light, 
and are at a great diſtance from us. And as for 
Venus and Mercury there may be no occcaſion 
for any attendants, by reaſon of their proximity 


Vol. II. IE. _—”” to 
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the . but alſo for the tardity of the . 


to the Sun. But in the two higheſt or more 
diſtant planets, Jupiter and Saturn, we have a 
very noble and entertaining ſcene of the Creator's 
glory. For whereas thoſe two planets are at a 
much greater diſtance than any of the other 
planets, from their fountain of light and heat, 
the Sun; and as conſequently their heat and 
light are abated i in proportion to the ſquare of 
their diſtances; ſo, to make them amends, they | 
are furrounded with a more grand retinue of 
ſecondary planets, or Moons; Jupiter with four, 
Saturn with five, as it is imagined, and * 
more d. 


And an admirable remedy this is, not only 
for the great diſtance of theſe two planets from 


mo- 


IMr. Huygens, in his Coſmotheoros, p. 99. gives ls a 
of the diſcovery of the ſatellites of Jupiter and Saturn, That it is 


well known the difcovery of the circumjovials is owing to Galileo; 
that the brighteſt, and outermoſt circumſaturnial he happened to fee 
with a 12 foot glaſs in the year 1655: that the reſt are owing to 
_ Caſfini, who firſt ſaw them with a glaſs of Campani's grinding of 
36 feet, and afterwards with one of as many feet above 100. That 


the 3d and 5th Caſſini ſhewed him in 1672, and afterwards oftener. 


That Caffint acquainted him by letter afterwards with his diſcovery 


of the firſt and ſecond in 1684. That the two laſt are not eafily 
diſcerned, and he cannot ſay he ever ſaw them. That beſides theſe 
five, he ſuſpects there may be one or more lye concealed. Of which 
tee ch. vii. following. 5 
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motion in their reſpective orbits. For whereas 
Saturn, revolves round the Sun but once in near 
thirty years, and Jupiter but once in near twelve, 
it comes to paſs that the places near the two poles 
of thoſe planets have a night of near fifteen years 
in Saturn, and fix in Jupiter, ſuppoſing their 
axes inclined to the planes of their orbits, as it 
is in our own globe. But ſuppoſing (as it is im- 


agined)-that their axes ate not ſo much inclined, 


and that their days and night, their winters and 
ſummers, are nearly equal; in this reſpe& the 
caſe would be worſe than in the long nights in 
the other caſe: but in both caſes the polar parts 
of both thoſe planets would be diſmal regions of 
darkneſs, when ſo long detained from the kindly 
vifits of the Sun. But an admirable remedy i * 


B found, and a glotious ſcene of the great Creator's 


works appear therein, as will be manifeſt by con- 


: fidering particulars i in each of thoſe two ſu- 
perior planets. 


OF rin MOONS, DAYS, AND SEASONS. 
P ſpeaking concerning the ſuperior pla- 
nets in particular, I ſhall begin with Jupiter. 
The diftance of this planet from the Sun is reck- 
oned to be 343 millions of miles farther. from 
the Sun than we ale; and by chat means the 
Sun's light and heat are 27 times leſs there 
than with us, and its apparent diameter five 
times leſs ©, And confidering how vaſt a globe 
5 Jupiter i is, having i its ſuperficies 100 times, yea, 
(according to Mr. Huygens's computations) 
400 times bigger than that of the Earth; in this 
caſe, what vaſt tracts of that globe "muſt needs 
lie in profound darkneſs and deſolation, had no 
| remedy been provided ! But there are divers pro- 
vided. One is by the frequent rotations of 
Jupiter round its own axis; which being per- 


- formed i in leſs than ten hours, it comes to N 
that 


© Gregorii Aſtron. 1. vi. Prop. g. Mr. Huygens makes the nieht 
and heat but 25 times lefs, and the apparent diameter five times. 
Cofmoth. p. 1 . — — 
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' that what is wanting in the ſtrength and degree 
of light and heat, is compenſated by the A 
returns thereof. 


The other remedy is by the increaſe of the 
number of Moons about Jupiter, who is attended 
(as I faid) with four, as we, who are nearer the 
Sun, are with one, Concerning which theſe four 
things a are remarkable: ; 


1. Their bulk, which in all probability is not 
in any of them leſs than our Earth, as the moſt 
ingenious Mr. Huygens concludes * from their 
| ſhade upon Jupiter's diſk. By which means 
partly it is that, VVV 


. * reflect ſo ſtrong, briſk, and vivid a 
light, as appears very illuſtrious and entertain- 
ing even to us at fo great a diſtance from it : 
which cannot but be very pleafing and comfort- 
able to that planet: befides the no leſs beneficial 
and friendly influences conveyed therewith at 
the ſame — 2 3 2 
* 

3. Their is diſtances from Jupiter, and from 
one another; and their agrecable periodic revo- 
lutions, 


; * Coſmotheor. P EY 8 
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lutions, which I have formerly obſerved 8 to be 
in the moſt exact mathematical proportions. By 
the firſt of theſe, thoſe ſatellites eſcape all dif. 
_ agreeable concourſes and violent oppoſitions, and. 
in the moſt kindly manner, ſend their influx ta 
the planet they wait upon: and by the latter, 
they are perpetually carrying about their light 
and other benefits from place to place. For by 
the motion of the innermoſt round once in 
leſs than two days ; of the next in about 3z days; I» 
of the third in ſomewhat above a week; ; and of 
the outermoſt i in near 17 days; by theſe means, - 
I fay, it happens very ſeldom, that any part 

of Jupiter i is at any time without the preſence and 

attendance of one or more of thoſe ſatellites; 
but one is viſiting one part, whilſt another i is at- 
tending another: and another another part, and 

Jupiter himſelf making ſpeedy r returns and revo - 
lutions all the while. 


4. The laſt thing remarkable i is, the 1 
of Jupiter's Moons, or their progrefles towards 
his poles, which are in a due proportion to their 


diſtances and periods: as I have before ſhewn, 
Book IV. Chap, v. | 


And 


t * 
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And as the latitudes of theſe ſatellites differ 
according to their diſtances and periods; ſo an- 
other remarkable thing therein, is, that they 
ſhift their latitudes in longer or ſhorter times, 
according as their latitudes or vagations towards 
the polar parts of Jupiter are greater or lefler. 
By which means ſome are making their progreſſes 
towards Jupiter's poles one way, whilſt ſome are 
wandering the other way, and ſome are ſtay ing 
there a longer time, and ſome a leſſer and leſſer 
time. By which quadruple variety of latitudes, 
and perpetual changes of it, it comes to paſs, 
that thoſe large tracts towards the polar parts of 
that vaſt planet, have their due ſhare in the light 
and kindly ſervices of its four Moons, and are 
ſeldom or never deprived of them. 


24 CHAP. 


C HAP. vl. 


ox SATURN'S "MOONS, RING, DAYS, AND SEASONS, | 
5 Hh ſeen the admirable proviſion ele 
for the remedying Jupiter's great diſtance 
from the Sun; let us, in the laſt place, take a 
view of Saturn, -which is above 200 millions 
of Engliſh miles farther from the Sun than Ju- 


piter, and near 700 millions of miles farther than _ 


is our Earth. And here our glaſſes, as imper- 
| fect a8 they are, have diſcovered {o ſurprizing an 
apparatus, that muſt needs ſtrike every one e that 
views it with wonder and amazement. 


For, | in the firſt 8 inſtead of four ſatellites 
or moons, as Jupiter hath, Saturn hath five, and 
probably more. T hree of theſe I myſelf have 
ſeen with Mr. Huygens's 120 foot glaſs; but, 
for want of a pole of ſufficient height to mount 
the glaſs high enough, J am not ſure J have ſeen 
any more. And befides thoſe five, which others 
have ſeen, there is great reaſon to conclude there 
is a fixth lying between the two outermoſt, there 
being a larger ſpece between them than 15 1n pro- 
por- 
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portion to what is found amongſt the reſt. And 
it is not improbable, but that there are others 
alſo lying beyond the fifth or outermoſt, but be- 
come inviſible at ſo great a diſtance from us, by 
means of ſome obſcurity ſuch as is obſcrvable i in 
the outermoſt itſelf, which is never to be ſeen 
by us, but in the weſtern part of! its orbit, as Mr. | 
» obſerves. * | 


Theſe ſatellites we may reaſonably conclude 
to be of a prodigious bulk, for the reflecting 
of light, and for their other miniſtrations to 
Saturn, becauſe otherwiſe they could not be 
ſeen at ſo great a diſtance as the Earth; T and par- 
ricularly one of them iis of that magnirude, and 
its light ſo briſk and vivid, that it appears very 
illuſtrious through | our longer glaſſes, and _ 


be diſcerned with our thorter, | 
As 


5 The * why Saturn's fifth fatellite - appears not on the 

. 3 but weſtern part of its orbit, Mr. Huygens very ſagaciouſly 
(like himſelf) conjectures to be, becauſe this ſare}lite, as the Moon 

doth to the Earth, always turn one and the ſame fide to Saturn, and 
| becauſe this ſatellite hath, he imagines, only one part of its ſurface 
clear, and the greateſt part obſcure, and not able to reflect ſufficient 
light to us; therefore all the time that obſcure part is turned towards 
us (which is whilſt the ſatellite is in the eaſtern part of its orbit) it 
diſappears : but in the weſtern part it appears, becauſe the bright 
fides lie towards us. Coſmotheor. 118. 


+ Ir is the fourth ſatellite, or outermoſt but one (called from its 
firſt dicoverer, the Huygenian ſatellite) that is ſo viſible. 
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As to the diſtances, the periods, and latitudes 
of thoſe ſatellites, they being conſentaneous to 
what I have already taken notice of in Jupiter, 
I ſhall not inſiſt upon them, but paſs to another 

proviſion made for the great diſtance of that 
planet; which is a thing ſo ſingular to Saturn, 
ſo unuſual in all the reſt of the creation, and ſo 
amazing, that it is an evident and noble demon- 
ſtration of the great Creator s art and care; and 
that is Saturn's ring. Concerning which theſe 
5 OP are obſervable ; ; 


1. The prodigious fize of i it, its great breadth 
and vaſt compaſs, This we may make a judg- 

ment of, by comparing it with Saturn himſelf. 

and ſuppoſing the diameter of Saturn to be as is 
before determined, 93451 Engliſh miles, the 

diameter of his ring will be 21026 5 ſuch miles, 

and its breadth about 29200 k, an amazing arch 
to an eye placed! in that Planet, 


. The due and convenient diſtance of it from 
| Saturn itſelf ; not cloſely adhering to it, becauſe 
that would annoy a large portion of Saturn's 

globe, 


x Mr. Huygens, in his Syſtems 8 "PERCY p. 47. and 2 
p. 109. determines the diameter of Saturn's ring to the diameter of 
Saturn, to be as nine to four; and the breadth of the ring, and 
Aiſtance of the ring from Saturn's body, to be, nearly equal, and ac- 
n. theſe numbers are defined here. 


' 
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globe, by depriying it of the Sun's rays, but 
environing it about the diſtance ot its breadth; 
by which means the Sun's light and heat are 
permitted to enter between the planet and its 
ring, whilſt other rays are at the fame time re- 
fleted upon the planet by the ring. 


3. The thickneſs of the ring, which is hardly 
if at all, perceivable by us; which is as great a 
benefit, as its edging thade would be annoyance, 
was the ring thick. MEE 


4. Its ſmoothneſs * ts to reflect light 
and heat! is a wonderful convenience in it. 
Was it full of mountains and valleys, and I may 
add waters too, as in our Earth, and probably 
the Moon likewiſe, the reflection would be too 
weak to render the ring vifible unto us, at ſo 
great a diſtance as we are; but perceiving its 
light to be ſo lively and ſtrong, as to render both 
itſelf and Saturn very illuftrious, it is a demon- 
ſtration of the aptitude of its ſtructure, and 
ſmoothneſs for the reflection of light and heat to 
the planet it ſerves. 


5. As the el revolutions of the Earth 
are an excellent and Nee contrivance for 
"thoſe 


2 See Huygens. Sylt, Saturn. p. 70. 
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thoſe uſeful and neceſſary mutations we have of 
the ſeaſons of the year, ſo no doubt but the ſame 
benefits accrue to thoſe revolutions which Saturn 
hath about the Sun. It is viſible, that as Saturn 
. Changes its place in its orbit, ſo its ring receives 
a variety of aſpects, not only with reſpect to 
us, but to the Sun. Thus in one part of the 
orbit it appears with a larger ® ellipfis, ſo as to 
exhibit a larger ſpace between it and Saturn: in 
another part, with a leſſer, and ſo with a lefſer 
ellipfis, and ſometimes as oply a ſlender ſtrait 
line, and ſometimes it is not vifible at all „; alſo 
ſome- 


4 


m Every 14 Or x5 years Saturn's ring hath the ſame face; appears 


ing at one time with large open anſæ, at another time with no rin _— . 


it all. Which appearance is obtained by gentle progreſſes from the 
one to the other face. As, if the anſæ are the largeſt, they gradual- 
ly diminiſh, until no anſæ, or apertures, are to be ſeen in the ring, 
and at laſt no ring at all alſo, See Fig. 8. 
» This Mr. Huygens ſhews is when Saturn is 20 J degrees in 
Gemini and Sagitary. This was the appearance it had in April 1708, 
and which it will again receive at the end of 17223; only with this | 
difference, that whereas the ring traverſed the upper or northerly 
part of Saturn's difk in 1708, it doth now, and will for ſome years 
to come, traverſe the lower or ſouther! part thereof, as is repreſent · 
ed in Fig. 7. 


» Mr. Huygens ſhews, that for about fix months before and after 
Saturn's being in 20 4 degrees of Virgo and Pifces, the ring is not 
vißble, but Saturn appears round. Syſt. Saturn. p. 59, 74, &c. 
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fometimes one fide of the ring is enlightened, 
and reflects light towards one part of Saturn, 
| ſometimes the other enlightens another part; and 
there is no.doubt, but that as our Earth has its 
ſeaſons, according to its poſition to the Sun 
in its periodical motion in its orbit; ſo Saturn 
throughout his period, hath his ſeaſons according 
unto his poſition to the Sun, and the various re- 
flexions of the ring upon the ſeveral parts of his 


globe * 


Theſe five things dbſereable in Saturn? s rivg, 
we have pretty good aſſurance of, from our 
views through good glaſſes. But there is a 
e ä 1 


And accordingly at this very time there is no appearance of the ring, 

only a ſmall narrow liſt or belt croſſeth the middle of Saturn's diſk, 
of acolour ſomewhat different from the reſt of Satu rn's face, and in 
the place were the ring ſhould be. This appearance of Saturn is re- 
' Preſented in Fig. 8. which is the appearance he had through a very 
good 34 foot glaſs, at the latter end of October and beginning of 
November this preſent year 17:4. But alittle before this, viz. on 
Sept. 26. I could through an 126 foot glaſs diſcern the narrow ends 
of the ring on each fide Saturn. A repreſentation of which I have 
given in Fig. 9. 1 


r There is a very great reaſon to imagine this doth certainly 
happen in Saturn, becauſe, as Mr. Huygens obſerves, Saturn ap- 
pears ſometimes more ſplendid than at other times. ta ſemper 
(ſaith he) quo propius verſus Cancri & Capricorni ina acceſſerit, 
eo majorem, aut cerie ſyler didlorem, eliam abſque teleſcopro appar- 
iturum, quippe annuli elligſi Lan. Je lali u n Huygen. 
81. Saturn, p. 56. 
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plane of his orbit to be 31 fr. as that of the n is 23 *. 
Coſmotheor. p. 108. 


F * 


Sth Thing 1 ſhall add as only conjectural, and 
that is, a ſuppoſition that the axis of Saturn 4 is 


inclined (and that pretty much alſo) to the plane 
of its ring, or the plane of its orbit at leaſt ; and 


that he hath a diurnal rotation in ſome certain 


ſhort ſpace of time. For without theſe two con- 
veniences, very large tracts of Saturn would 
ſuffer extremely for want of the Sun. For if 
Saturn hath no other motion but that round the 
Sun in its orb, one part muſt be excluded from 
the Sun's viſits for 15 years, whilſt the other par- 
takes all the while of them ; and one hemiſphere 
will enjoy the benefit of the ring, whilſt the 
other is eclipſed by it: and in this caſe the 
ring would be nearly as prejudicial to the eclipſed 
part, as it is uſeful to the enlightened, But 
ſuppoſing Saturn to move round in the ſame, or 
a ſhorter time than Jupiter, and i in a path pretty 
much inclined to the ring, all parts then of that 
vaſt planet will have their frequent returns of 


day and night, of heat and cold. And fitce this 


| is what is diſcernible in the other planets, and is 
no leſs neceſſary for the benefit and comfort of 
this, we may reaſonably conclude the thing to 


be probable, although not dilcermble at Saturn' „ 
bo great diſtance from us. 


CHAP 


«* Mr. Huygens determines the inclination of Saturn's axis to the 
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neceſſaries, light and heat; things, in all pro- 
bability, no leſs neceſſary for the other globes, 


than for our own: and things which not only 


animals cannot ſubſiſt without, but what all 


things here below ſtand in need of as well as 
they. When therefore we actually ſee and feel 
thoſe indulgent proviſions, thoſe amazing acts 
of the great Creator; when we have views of 
their extent into myriads of other the moſt dif- 


tant globes; when (to go no farther) we ſee in 


our own ſyſtem of the ſun, ſuch a prodigious maſs 
of fire as the ſun 1s, placed in the centre, to ſcat- | 
ter away the darkneſs, and to warm and cheriſh 
us by day ; and ſuch a noble retinue of moons 
and ftars, attending and aſſiſting us by night; 
when we ſee this indulgence, this care of the 


Creator, extended to all the other planets, and 
that according to their ſeveral diſtances, they 
I 


HU 8 I have taken a view of the proviſion by 
made for thoſe two grand, and univerſal 


have 
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have a proportionate proviſion of the greater 


number of moons, and Saturn a ſtupendous ring 


beſides, to ſupply the decreaſe of light and heat; 


who can be otherwiſe than amazed at ſuch pro- 


vidential, ſuch uſeful, ſuch well contrived, ſuch 
ſtately works of God ! Who can view their 
glories, and partake of their beneficial influ- 
ences, and at the ſame time not adore the wiſ⸗ 
dom, and praiſe the kindneſs of their Contriver 
and Maker! But, above all, ſhould there be any 
found, among rational Beings, ſo ſtupid, ſo vile, 
ſo infatuated with their vices, as to deny theſe 
works to be God's, and aſcribe them to a neceſ- 
ſity of nature, or indeed a mere nothing, namely, 
chance! But ſuch there are to be met with among 


ourſelves, and ſome ſuch the prophet tells us of, 


Iſai. v. 11, 12. Men that had ſo debauched them- : 
ſelves with drink, and enervated their minds by. 


pleaſures, that they regarded not the work of 


d the Lord, neither confidered the operation of 
his hands.“ Such perſons having led their 


lives in ſuch a manner, as to wiſh there was no 


G dd to call them to account, would then perſuade 
5 themſelves there is none; and therefore ſtupidly 
aſoeribe thoſe manifeſt demonſtrations of the in- 

finite power and wiſdom of God, to a mere no- 

thing, rather than to their great Author. But 


may we not with as good reaſon, imagine alight- 


ed 
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ed candle, a well made culinary fire, A flaming 


beacon, or light-houſe, to be the work of chance, 


and not of man, as thoſe glories of the heavens 
not to be the works of God? For it is very cer- 
_ tain, that as much wiſdom, art, and power wor- 
thy of God, is ſhewn in the lights of the hea- 
vens; as there is in thoſe upon earth, worthy of 
man, which none can doubt were contrived and 
made by man. And if from theſe mean contriv- 
ances and works of man, we conclude them to 
be the works of man; why not the grand, the 
amazing works of the heavens, ſurpaſſing all the 
wit and power of man; why not theſe, I ſay, the 
works of ſome Being as much ſuperior to man? 
According to the argument of Chryfi ippus, which 
ſhall conclude this Book: © If there be any Being 
that can effect thoſe things, which man, al- 
though endowed with reaſon, is not able to ef- 
fect; that Being is certainly greater, and ſtronger, 
and wiſer than man. But man is not able to 
make the heavens; therefore the Being that did 
make them, excels man in art, counſel, prud- 
ence, and power. 5 


25 ͤ — 


B O OK VII. 


PRACTICAL INFERENCES 


FROM THE FOREGOING | 


N the foregoing ſeven Books, having taken . Þ 


vens, and ſeen a ſcene of the greateſt grandeur, 8 
a work well contrived, admirably adapted, and 
; every way full of magnificence ; all that now 

remains is, to endeavour to make theſe views 

and conſiderations uſeful to ourſelves. Which 
5 1 ſhall do in the following chapters. 


CHAP. 


view of what preſents itſelf to us in the hea- "4 


CHAP. 1 


rug EXISTENCE oF o COLLECTED BY THE REA 
|  THENS FROM rug WORKs or THE | HEAVENS. 


* 


Tons firſt and moſt Link * natural 1 


tion we can make from ſuch a glorious 
ſcene of workmanſhip, as is before repreſented, | 
is to conſider, who'the great workman —_— 


— 


That the author of all this glorious ſcene of 
things was God, is ſuch a concluſion, that even 
the moſt ignorant, and barbarous part of man- 
kind have been able to make from the manifeſt 
5 ſignals viſible therein ; fignals ſo plain and con- 

clufive, that Tully's Stoic * cites it as Ariſtotle's 

opinion, That if there were ſuch a ſort of peo- + 
ple, that had always lived under the earth, in 
good and ſplendid habitations, adorned with im- 

agery and pictures, and furniſhed with all things = 
that thoſe accounted happy abound with; and 
ſuppoſing that theſe people had never at any 
time gone out upon the earth, but only by report 

| Aaz eee eee had 
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had heard there was ſuch a thing as a Deity, and 
a power of the gods; and that a certain time 
_ afterwards, the earth ſhould open, and this peo- 


ple get out of their hidden manfions into the 


places we inhabit; when on the ſudden they 
- ſhould ſee the earth, the ſeas, and the heavens; 
perceive the magnitude of the clouds, and the 
force of the winds; behold the ſun, and its 
grandeur and beauty; and know its power in 
making the day, by diffuſing his light through- 


out the whole heavens; and when the night had 
overſpread the earth with darkneſs, they ſhould 


diſcern the whole heavens beſpread and adorned | 
with ftars, and ſee the variety of the moon's 
phaſes in her increaſe and decreaſe, together with 
the rifings and ſettings, and the ſtated and i im- 
mutable courſes of all theſe throughout all 
eternity; this people, when they ſhould ſee all 
theſe things, would infallibly imagine that there 


are Gods, and that thoſe grand works were the 


works of the Gods.” Thus have we the opinion 
and concluſion of two eminent heathens together, 


Ariſtotle, and Tully' s Stoic. 


And if the heavens ſo plainly declare the 
© plory of God, and the firmament ſheweth his 


2 handy-work ; if thofe characters, thoſe 1 _— 


— 


5 Plalm.xix. x, &c. 
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preſſes of the Divine hand, are ſo legible, that 
their line is gone out through all the earth, 
and their words'to the end of the world, fo that 


KL 


8 


A 


there is no language, tongue, or ſpeech where 
their voice is not heard; nay, if theſe things 


are ſuch, that even a ſubterraneous people would 


5 at firſt fight, conclude them to be God's work ; 


how daring and impudent, how unworthy of a 
rational Being, is it, to deny theſe works to God, 
and aſcribe them to any thing, yea, a mere no- 


thing, as chance is, rather than God? Tully 8 


Stoic, laſt mentioned, denieth him to be a man 
who ſhould do this. His words t are, Who 
would ſay he is a man, who when he ſhould be- 
hold the motion of the heavens to be ſo certain, 
and the orders of the ſtars ſo eſtabliſhed, and all 
| things ſa well connected and adapted together, 


and deny that reaſon was here, and ſay theſe 


things were made by chance, which are managed 5 
with ſuch profound counſel, that with all our 


wit we are not able to fathom them? What! 


faith he, when we ſee a thing moved by ſome 
certain device, as a ſphere, the hours, and many 


things beſides; we make no doubt but that theſe 


are the works of reaſon, And ſo when we ſee | 
- the noble train of the heavens, moved and wheel- 


Aa 3 | 08 


Cicero, ibid. cap. 38: 
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actually behold with our eyes, in ſome meaſure, 


ſerratjon that ſhews what his opinion was of the 
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ed about, with an admirable pace, and in the 
| moſt conftant manner, making thoſe anniverſary 
changes, ſo neceſfary to the good and preſerva- 
tion of all things; do we doubt whether theſe 
things are done by reaſon, yea, by ſome more 
excellent and divine reaſon? For, faith he, ſet- 
ting aſide the ſubtilties of diſputation, we may 


the beauty of thoſe things which we aſſert are 
ordered by the Divine Providence.“ And then 
he enters into a long detail of particulars of this 
kind, too many to be named here, | 


Thus Cicero, throughout whoſe works ſo many 
paſſages of this nature occur, that it would 
be endleſs to cite them: and therefore one ob- 


ſenſe of mankind i in the matter, ſhall cloſe what 
he ſaith, and that i is in his Book de Legibus , 
where he ſaith, Among all the tribes of ani- 
mals, none but man hath any ſenſe of a God; and 
among mankind there is no nation ſo ſavage and 
barbarous, which although i ignorant of what God 
it 1 to have, yet well knows it ought! to have 
one.“ 


- ala 


*Lk chap. 8, 
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And after the ſame manner Seneca ”, who in- 
ſtanceth in two things to ſhew the deference we 
are apt to give to the general preſumption and 
conſent of mankind. One is in the immortality 
of the ſoul ; the other is in the exiſtence of a 
Deity ; which, faith he, © among other argu- 
ments we collect from the innate opinion which 
all men have of the Gods: for there is no na- 
tion in the world ſo void of law and morality, 

as not to believe but there are ſome Gods.” Nay, 
ſo poſitive he is in this matter, that in another 
place he expreſsly ſaith, * they lie that ſay, they 
believe there is no God, for although by day 
they may affirm ſo to thee, yet by night they are 
to themſelves conſcious of the contrary,” Much 
more could I cite out of this famous heathen ; * 
but one paſſage, relating to the Heavens, ſhall 
ſuffice, and that is in his diſcourſe, thewing, 
„ Why evils befal good men, ſeeing there is a 
Divine Providence ».“ He takes it for granted 
in this diſcourſe, that there is ſuch a thing as a 
Divine Power and Providence governing the 
world; and he ſaith, “it was needleſs for him to 
ſhew that ſo great a work [as the world] could 
not ſtand without ſome ruler; that ſo regular 
1 motions 


Epiſt. 117. 
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motions of the ſtars could not be the effects of a 
fortuitous force, and that the impulſes of chance 
muſt be oftentimes diſturbed and joſtle; that 
this undiſturbed velocity, which bears the 4 
weight of ſo many things, in the earth and ſeas; 
ſo great a number of heavenly lights, both very 
illuſtrious, and alſo ſhining by a manifeſt diſ- 
| poſal, muſt needs proceed by the direction of 
ſome eternal law: that this can never be the 
order of firaggling matter; neither i is it poſſible 
for things fortuitouſly and rafhly 8 to 
5 depend upon, and manifeſt ſo much art. Divers 
of which matters he proceeds to inſtance in. 
Thus Cicero and Seneca: to whoſe evidences 1 
might have added many others, particularly a 


8 great deal out- ef Plato (the divine Plato, the 


Homer of philoſophers, as he 1s called by the 
ancients): but it would be needleſs, as well as 
tedious, fince theſe two former have given us the 

ſenſe of mankind, as well as their Own opinion in 


a the munter. 


CHAP, 


GOD'S PERFECTIONS DEMONSTRATED BY HIS WORKS, | 


As God's works have been ſhewn to be mani. 
> feft demonſtrations of his exiſtence; ſo they 
are no leſs of his perfections, particularly of his 
infinite power, wiſdom, and goodneſs ; inaſmuch 
as every workman is known by his work. A pac 
lace that ſhould have nothing defective in ſitua- 
ation, beauty, or convenience, would argue the 
architect to have been a man of ſagacity, and ſkil- 

ful in geometry, arithmetic, optics, and all other 
mathematical ſciences, ſerving to make a man 

a compleat architect; yea, to have ſome judg- 
ment in Phyſic, and natural philoſophy too. 
And ſo this glorious ſcene of God's works, the 
heavens, plainly demonſtrate the workman's in- 
finite wiſdom to contrive, his omnipotency to 
make, and his infinſte goodneſs, in being ſo 1 in- 
dulgent to all the creatures, as to contrive and 
order all his works for their good. For what 
leſs than infinite could effect all thoſe grand 
1 . things 
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things, which I have, in this diſcourſe, ſhewn 
to be manifeſt in the heavens ? What archite& 
could build ſuch vaſt maſſes, and ſuch an innu- 
merable company of them too, as I have ſhewn 
the heavens do contain? What mathematician 
could ſo exactly adjuſt their diſtances ? What 
mechanic ſo nicely adapt their motions, ſo well 


cContrive their figures, as in the very beſt manner 


may ſerve to their own conſervation and benefit, 
and the convenience of the other globes alſo? 
What naturaliſt, what philoſopher, could im- 
pregnate every globe, with a thing of that abſo- 
lute neceſſity to its conſervation, as that of gra- 
vity is? What optician, what chymiſt could 
ever have hit upon ſuch a noble apparatus for 
light and- heat, as the ſun, the moon, and the 
ſtars are? could amaſs together. ſuch a pile of 
fire as the ſun is? could appoint ſuch lights as 
the moon and other ſecondaries are? None cer- 
tainly could do theſe © but God. 


CHAP. 
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CHAP. III. 


or cop” 5 RELATION To US,” AND THE DUTIES. 
RESULTING FROM THENCE. 


| Ir appearing from the laft chapter how ofext 
L a being the Creator is, it is time to confider 
what relation he ſtands in to us, and what is due 
from us to him. His relation to us is that of 
Creator ; and as ſuch, of conſervator, ſovereign 
" Jorg, and ruler, one that hath an abſolute power 
over us, and all things belonging to us, that can 
ſubject us to what laws he ſees fir, and that can 
reward or puniſh us as we deſerve, And in this 
caſe, the leaſt we can do, is to revere and fear 
him at all times, to worſhip and ſerve him with 


all our power, to comply with his holy will 


fincerely and heartily, and to obey him in all 


things he hath either forbidden, or enjoined. EE, 


And conſidering alſo how great indulgence and F 
love the Creator hath ſhewn in his works through- 
out the univerſe, it naturally follows that we 
ought to be —.— thankful to him for his mercy 


and 


1 DUTIES RESULTING FROM | 


goodneſs. 
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which 1s not neceſſary to happy living.“ And in 


and kindneſs, and to love him for his love and 1 


T heſe kind of concluſions are ſo natural, that 


the very heathens have in ſome meaſure made 


them. Thus Cicero's Stoic before cited *, 
&« Quid vero? hominum ratio non, &c, What "i 


doth not man's reaſon penetrate as far as even the 
very heavens? For we alone of all animals have 


known the riſings, ſettings, and courſes of the 


ſtars : by mankind it is that the day, the month, 
and year, is determined; that the eclipſes of the 
ſun and moon are known, and foretold to all 
Futurity ; of which luminary they are, how great 
they will be, and when they arg to happen, 
Which thing the mind contemplating, i it receives 
from hence y the knowledge, of the Gods: from 
whence ariſes piety; to which is joined juſtice, 
and the other virtues ; from which ſprings that 
 bleffed life, which is equal unto, and like that 
of the Gods themſelves, and in no reſpect yield- 


ing to thoſe celeſtials, except in immortality, 
his 


De Nat. Deor, Li. . Gt. 


Some read it inſtead of accipit ad cognirionem. Deorum ; accipit 


ab his cognitionem Deorum. 


on RELATION To: o. 381 


his book De Legibus , Cicero brings in his 
collocutor ſaying, ** Sit igitur hoc a principio per. 
ſuaſum, &c. i. e. Let this be what every member 
of the commonwealth is fully convinced of from 
the beginning, that the Gods are lords and 
governors of all things; that whatſoever things 
are done, they are managed by their influence, 
rule, and divinity; that they merit a great deal 
of mankind, and obſerve what every one is, what 
he doth, what he admits into his mind; with 
what mind, what piety he cultivates religion; ES, 
and that they take an account both of the righ- OY 
teous and wicked. For, faith he, minds that 
are endued with theſe principles, will ſcarce ever 
_ depart from that opinion that is uſeful and true.” 
Anda little after a, one of the laws arifing from 
hence he ſaith 6, % Let men approach the Gods 
with purity, let them practiſe piety; for he that 
doth otherwiſe God himſelf will be the avenger 
of.” This purity and fincerity is ſo neceſſary a: 
concomitant of religion and divine worſhip, ac- 
cording to Cicero, that he makes it, in another 
place, to be that which diſtinguiſhes religion 
from ſuperſtition o, b, 4 Cultus autem Deorum eft opti- 
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mus, Se. But that religion, that worſhip of the 
Gods is the beſt, the pureſt, the holieſt and full 
eſt of piety, that we always revere and worthip 
them with a pure, upright, and undefiled mind 


and voice. For, ſaith he, not only the philoſo- ; 


phers, but our forefathers, have diſtinguiſhed 
ſuperſtition from our religion!“ which he affigns 


the difference of, and then tells us, © that the 


one hath the name of a vice, and the other of 
praiſe.” 


1 hus, 2 as the 3 have, by the light of 
nature, deduced the exiſtence and attributes of 
God from his works; and particularly thoſe of 
the heavens; ſo have they, at the ſame time, 

collected what the principal duties are, which 
men owe to God; ſo reaſonable, ſo natural, ſo 
manifeſt they: are to all mankind. 


CHAP. 


5 LACTANTIUS HIS ARGUMENT AGAINST THE HEA- 


THEN GODs. 


Tu next - inference ſhall be one made by the 


eloquent Lactantius e , 6 Argumentum allud 


quo colligunt univerſa celefia Dev eſſe, Sc. i. e. That 


argument whereby they conclude the heavenly 

bodies to be Gods, proveth the contrary: for if 
therefore they think them to be Gods, becauſe 
they have ſuch certain and well contrived 5 
rational courſes, they err. For from hence it 


appears that they are not Gods, becauſe they are 


not able to wander out of thoſe paths that are 
preſcribed them: whereas, if they were Gods, 
they would go here and there, and every where, 


without any compulſion, like as animals upon 


the earth do; whoſe wills being free, they wan- 
der hither and thither, as they liſt, and go 


; whitherſoever their minds carry them.” 


© Jnflicur. L. I. c. f. 
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Thus Lyttencics, with great reaſon, refutes : 


the divinity of the heavenly bodies ; which, on 


the contrary, are ſo far from being Gods, and 
objects of divine honour and worſhip, that ſome 

of them have been taken to be places of tor- 
ment. Thus comets particularly, which muſt 


needs have a very unequal and uncomfortable 


| temper of heat and cold, by reaſon of their pro- 
digiouſly near approaches to the ſun, and as 
great recefles from it. Thus, according to the 
before commended Sir Iſaac Newton's 4 computa- . 


tion, the comet in 1680, in its perihelion, was 
above 166 times nearer the ſun than the earth is; 


and conſequently its heat was then 28,000 times 


oy greater than that of ſummer : ſo that a ball of 
iron as big as the earth heated by it, would 


hardly breame cool in 50,000 years. Such a 
place therefore, if deſigned for habitation, may 
be imagined to be deſtined rather for a place of 


torment, than any other ſort of living. 


But above all, the ſun itſelf, the great object 

5 of heathen w orſhip, i is, by ſome of our on learn- 

cd countrymen, ſuppoſed to be probably the 
place of hell. Of which Mr. Swinden hath writ- 
ten a treatiſe called, An Enquiry into the N ature 


and Place of Hell. 


CHAP. 


Principia, page 446. 


e 
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CHAP. v. 


5a 


f THIS SURVEY OF THE HEAVENS TEACHES vs ; NOT To 
OVERVALUE THE WORLD; 3 WITH REFLECTIONS or 


UE HEATHEN WRITERS THEREUPON, „ 


PROM the confideration of the prodigious 
magnitude and multitude of the heavenly 
n and the far more noble furniture and re- 
5 tinue which ſome of them have more than we, 
we may learn not to ov ervalue this world, not to 
ſet our hearts to much upon it, or upon any of 
its riches, honours, or pleaſures. For what is 
all our globe but a point, a trifle to the univerſe} 
a ball not ſo much as viſible among the greateſt 
part of the heavens, namely, the fixed ſtars. 
And if magnitude or retinue may dignify a 
planet, Saturn and Jupiter may claim the prefe- 
rence: or if proximity to the moſt magnificent 
globe of all the ſyſtem, to the fountain of light 
and heat, to the centre, can honour and aggrand- 
ize à planet, then Mercury and Venus can claim 
that dignity. If therefore our world, be one of 
Vol. II. B b - the 
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* 


the inferior parts of our ſyſtem, why ſhould we 
unjuſtly graſp at it, and be guilty of theft or 
rapine, lying or cheating, or any injuſtice, or 
fin for it? Why ſhould we ſacrifice our innocence 
for it, or part even only with a good name for 
It; which Solomon faith © © is rather to be choſen 
c“ than great riches!” Why ſhould we do thus, 
if we were ſure of gaining the whole terraque- 
ous globe, much leſs do it for a ſmall pittance of 
it, as the beſt empire in the world is ? For as qur 
bleſſed Saviour argues, Matt. xvi. 26. © What 
« js a man profited, if he ſhould gain the whole 


* world, and loſe his own ſoul? or what ſhall b 


e man give in * for his ſoul! 2 


But e over che arguments wah Chrifti- 
avity ſuggeſts, let us ſee how ſome of the heathen 
writers deſcant upon this ſubject. Pliny f is very 
pathetical i in his reflections, when he had ſhewn : 
what little portions of the earth were left for us, 
and what large tracts were rendered (as he 
thought) uſcleſs, the frigid zones being frozen up 
with exceſſive cold, the torrid Zone being burnt 
up (as the opinion then was) with as exceſſive 
5 heat, and other parts drowned by the ſea, lakes, 


and, 


Prov. Xxii. 1. 


Nat. Hiſt. L. ji. c. 68. 


3 


Or 4 view or THE HEAVENS, $93 


| tid rivers, and others covered with large woods, 
deſarts, or barren mountains: he then exclaims 
thus, „He ot portiones terre,” &c. i. e. Theſt 
little parcels of land, which are left for our ha- 
bitation; yea, as many have taught, this point of 
the world (for no other is the earth in reſpect of 
the univerſe) this is the matter, this the ſeat of 
our glory: here it is we bear our honours; here 
we exerciſe our authority; here we covet riches; 
here mankind make a buſtle ; here we begin our 
civil wars, and ſoften the earth with mutual 
ſlaughters.“ And then having ſhewn how by 
fraud and violence men ftrive to enlarge their 
eſtates, ſaith he, * What a little part of thoſe 
lands doth he enjoy? And when he hath aug- 
mented them, even to the meaſure of his avarices 
| what a poor pittance is it that his dead body at 
lſt poſſeſſeth? Thus Pliny. And after the 
ſame manner Seneca reflects upon the matter , 
when he ſhews how virtue tends to make a man 
compleatly happy; among other things, by pre- 
paring him for the ſociety of God, by enabling 
the mind to ſoar above the things here below, 
and to make him laugh at the coſtly pavements 


of the rich, yea, the whole earth with all its 


wealth. Nec enim poteſ, faith he, ante contem- 
RO Bb2 5 nere 
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to ſlight the ſtately piazza, the noble roofs ſhin- 
ing with ivory, the curiouſly chpped woods, and 


were porticus,” Se. i. e. A man can never be able 


the pleaſant rivulets conveyed to the houſes, 


untill he hath ſurveyed the whole world, and ſpy- 


ing from above our little globe of earth, covered 


in agreat meaſure by the fea; and where it is not, 


is far and near ſqualid, and either parched with 


heat, or frozen with cold, he faith to himſelf, is 
this that point, which by fire and ſword is divid- 
ed among ſo many nations? O how ridiculous 


are the bounds of mortals ! | The Ifter bounds the 


Dacians, the Strymon the Thracians, Euphrates, 
the Parthians, the Danube parteth the Sarmati- 
ans and Romans, the Rhine gives bounds to 
Germany, the Pyrenees to France and Spain, and 


between Egypt and Ethiopia lie the vaſt uncul- 


tivated ſandy deſarts. If any could give human 
underſtanding to ants, would not they too divide 
their mole-hill into divers provinces ? And when : 
thou lifteſt up thyſelf in thy truly great province, 
and ſhalt ſee the armed hoſts paſſing here, and 
' poſting there, as if ſome great matter was to be 


acted, conſider that this is no more than the run- 
ning of ants in a mole-hill.. For what difference 


between them and us, but only the meaſure of a 
little body? That is but a point in which thou 


faileſt, in which thou wageſt war, in which thou 
3  Uiſpoſeſt 


on A VIEW OF THE AEAVENS, 339 


Kiſpoſel of kingdoms. But above there are vaſt 
ſpaces, to whoſe poſſeſſion the mind is admitted, 
provided it brings but little of the body along 
with it, that it is purged of every vile thing, and 
that it is nimble and free, and content with ſmall 
matters. And ſo he goes on to ſhew, that when 
the mind is once arrived to thoſe celeſtial regions, 
how it is come to its proper habitation ; is de- 
| livered from its bonds ; hath this argument of its 
divinity, that divine things delight and pleaſe i it, 
and is converſant with them as its own; that it 
"Cant ſecurely behold the riſings and ſettings and 
various courſes of the ſtars ; that it curiouſly 
pries into all thoſe matters, as neatly appertain- 
ing to itſelf; that then it contemns the narrow 
| bounds of its former habitation, it being but a 
trifling ſpace, of a few days journey from the 
utmoſt limits of Spain to the very Indies; where 
as the celeſtial regions afford a path for the wan- 
dering of the ſwifteſt ſtar for thirty years, with- 
out any reſiſtance; in which regions he tells us 
the mind arrives to the knowledge of thoſe things 
at laſt, which | it had before long enquired after, 
and there begins to know God. Thus Seneca; 
which ſhall ſuffice for this third inference. 5 


CHAP. 


* , . : 
P r Iu . 
— — — 6 : = — wo orb <a — — — _ 
7 3 = * * * P - 5 * P : ** q A; aka. 2 — * 2 „* K mn — 5 = n * * — a 
: : - . * : K * — - — — of N 7 = 
3 % 4 ; 5 E . — N . - "EY = I \ 7 
a 1 * * 


1923 
2 „ — * 
E n * 


CHAP, Vi. 
35 | | „ 


* 
. 


THAT WE SHOULD ASPIRE AFTER THE rav EL Y 1 


STATE, 


SHALL, only deduce one thing more from my 
preceding view of the heavens, and that is, 


0 aſpire after the heavenly | ſtate, to ſeek the 
things that are above. We are naturally pleaſ- 
ed with new things; we take great pains, un- 


dergo dangerous voyages, to view other: coun- 


tries: with great delight we hear of new diſ- 
coveries in the heavens, and view thoſe glorious 
bodies with great pleaſure through our glaſſes. 
With what pleaſure then ſhall denarted happy 


ſouls ſurvey the moſt diſtant regions of the uni- 
| verſe, and view all thoſe glorious globes thereof 

and their noble appendages with a nearer view ? 
Only let us take eſpecial care to ſet our affec- 
tions on things above; to be ſpiritually, not carn- 
ally minded; and ſo to run the race which 
— Chriſt 


CONCLUSION 397 


Chriſt hath ſet before us, that we may arrive to 
that place which he hath prepared for his faith. 
ful ſervants, that he may receive us unto him 
ſelf, that where he is, we may be alſo; in whoſe 


preſence is fulneſs of joy, at whoſe right hand 
are > pleaſures for evermore. 
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